105th Congress, 1st Session — — — — — — — — — — — — House Document 105-153

NEW JERSEY SHORE PROTECTION STUDY

COMMUNICATION

FROM

THE ACTING ASSISTANT SECRETARY (CIVIL
WORKS), THE DEPARTMENT OF THE ARMY

TRANSMITTING

A REPORT ON A STORM DAMAGE REDUCTION AND SHORELINE
PROTECTION PROJECT FOR BRIGANTINE INLET TO GREAT EGG
HARBOR INLET, ABSECON ISLAND, NEW JERSEY, PURSUANT TO
PUB. L. 104-303, SEC. 101(b)(13)

OCTOBER 21, 1997.—Referred to the Committee on Transportation and
Infrastructure and ordered to be printed

U.S. GOVERNMENT PRINTING OFFICE
44-465 WASHINGTON : 1997




105th Congress, 1st Session — — — — — — — — — — — — House Document 105-153

NEW JERSEY SHORE PROTECTION STUDY

COMMUNICATION

FROM

THE ACTING ASSISTANT SECRETARY (CIVIL
WORKS), THE DEPARTMENT OF THE ARMY

TRANSMITTING

A REPORT ON A STORM DAMAGE REDUCTION AND SHORELINE
PROTECTION PROJECT FOR BRIGANTINE INLET TO GREAT EGG
HARBOR INLET, ABSECON ISLAND, NEW JERSEY, PURSUANT TO
PUB. L. 104-303, SEC. 101(b)(13)

OCTOBER 21, 1997.—Referred to the Committee on Transportation and
Infrastructure and ordered to be printed







CONTENTS

Page
Letteroftransmittal .. ........... ...ttt ittt vii
Comments of the Office of ManagementandBudget ......................... ix
Comments of the State of New Jersey .................ciiiiiiiiinnnnnnn.. X
Comments of the Department of theInterior ................. ... ... .t xi
Comments of the Environmental Protection Agency ......................... xiv
Comments of the Department of TransSportation ................coivuueeinae. xv
Report of the Chief of Engineers, Department of the Army . ................... 1
Report of the District Engineer:

SYHADUS ... et 7
Pertinent Data . .......vinin ittt ieie et ittt et 9
INOAUCHON . ..ottt ittt iiir et et iereeenreerneeraeenannannans 11
Study AULROTIEY .« . o vee e ee et eee et e eeeee e e eaaaennn 11
Study Purposeand Scope ........... ..ottt 12
StudY ATea . .......iiiriiiiii it cre et aan 13
Prior Studies, Reporis and Related Projects ..................... 15
Related Institutional Programs . ...............cooiiiiinnnnnn. 19
Existing Conditions . ... ..ottt ittt iiiiiiaa.s 20
Socioeconomic Resources evaluation .......................... 20
RealEState .........ccouiuiiiiiiiiiiiieiiiiiieieeinnnnns 24
Geotechnical Evaluation ................coiiiiiiiiiininine.. 25
Selection of Borrow Material .......... PN 26
Hazardous, Toxic and Radioactive Waste ........................ 33
Environmental Resources Evaluation .......................... 36
Cultural Resources Evaluation ....................cieiennnns 47
Erosion Control Structure Inventory .................ccounun.. 49
Physical Processesofthe Coast ...............ccovieieennnnnn. 52
SedimentBudget ............... .. ittt 66
Inlet Processesat AbseconlInlet ................coiiuiiiinann 79
Shoreline Conditions ........... ... ... ... . ... il 91
Problem Identification . ............ ... . il 99
Without Project Conditions . ................. R 108
Without Project Hydraulic Analysis . . 108
Without Project Economic Analysis ceen 123
Plan Formulation .. ........ ... ittt ciaenanennnn 135
Planning Objectives ... ......covtiieiiniinienneenrenacannennn 135
Planning Constraints ...............c.couriiiinnennnnnennnnnns 136
Cyclesland2Plan Formulation .................co0ietuennnnn 139
Absecon Inlet Frontage of AtlanticCity . ........................ 139
Cycle 1 Alternatives—AbseconInlet . ..................... 139
Cycle 2 Assessment of Alternatives. . .. ................... 146
Cycle 3Plan Formulation. ............... ..., 152
Recommended Plans for Cycle 3 Analysis ................. 152
Cycle 3 Alternatives—AbseconInlet. ..................... 152

With Project Analysis of Cycle 3 Alternatives
—Absecon Inlet 154
Cycle 3 Alt.—Absecon Island Oceanfront . ................. 156
Determination of SelectedPlan ................. ... .. ... 161
Numerical Modeling of ShorelineChange ....................... 171
Selected Plan ..........coceniiiiiiriii it eiiaaan 187

(iii)



iv

Report of the District Engineer—Continued

Plan Formulaton—Continued Page
Identification of the NED Plan 187
Description of the Selected Plan .. ..........c.ooviinnnnen 187
Initial Project Cost Estimate .............coocveiuiennnnn 199
Total Annualized COStS .. ... cvvriveieen i 206
Benefits During Construction .............c.oovemeeeann 208
Reduced Maintenance Benefits ................ oot 208
Economicsofthe NEDPlan ............. ... ... ... ..... 209
Benefit-Cost Ratio . ...coovvnivini i ittt iiiinennns 209
Project Impacts .. .......ciiitiiiiin it i 210
Impacts to Environmental Resources ..................... 210
Impacts to Cultural Resources............covveivvenennn 212
Local Cooperation ..............c.cviiiiiniinarauinernnnan.nn 221
REfOTONCES ..ot ivntiinteteicnroneoenearoonnoniosasocrssesansos 226
Draft Environmental ImpactStatement . . ............ ittt 230
Conclusion ...............0.... ... 351
Recommendation . .......cuovetieneeereneenrrsecnsonsoaanasraeaenes 352
LIST OF TABLES
No. Page
1 Prior Federal ACHORS .......c0veetiiiriininne e errnmannsnnans 17
2 POPULAtiON . . . ..ottt e e 23
3 Projected POPUlation . .........c.viiiiiiiiiineiieeeeareonnnesonns 23
4 IR COME . v vttt iee i iteerineeasineeanineeanonassnstaoaaneroanns 24
5 Shoreline OWNership. .. ......ccouiiiiiertiiiesneniresoneeneronses 25
6 Northern Portion of the Great Egg Harbor Ebb
Shoal BOITOW Area . . . ... cu i tieeitn it ieanciesaniananansaaans 31
7 AbseconInlet. ..........ooiiiuiirii it it it e 32
8 Offshore of Atlantic City . ... ..verniiiiiiiiiin it iciiannns 32
9 Fish Species Caught in the back Bays of
AANGC Gty . . oottt iiiiie i iitie e iiaean s inrastronasaninensnenns 40
10 Extreme Wave Statisties . . . ... co ittt ire s iiean e ian it . 56
11 Ocean Stage Frequency Data .. .......cooiiiiiiiiiiiiiiineenninans 63
12 HighestStages . ...................... e e 64
13 Historic Sediment Transport Rates ...........ovviniininiineinneenennan 65
14 AbseconInlet Dredge History. . . .......coovviiniiiiinnnrennennonns 72
15 Summary of Beachfill Projects on AbseconIsland...................... 76
16 LongTermErosion Rates . ...........cooviiiiniiiiiiiiiiinnnneneans 98
17 Historic Storm Damage Data .. ........... .. ... ... ... ... ... 101
18 Representative Profile Line Coverage . ..........cooviiiiiiiieenneiiann 113
19 Predicted Without Protect Storm Erosion Analysis ..................... 116
20 INURAALION FreqUeNCY . . ..ot iir it ieeeiitinsencneranirananoranas 117
21 Without Project Inundation/Wave Analysis...............cooiviieeians 122
21A IS‘(t:_;'ucture Characteristics for Ventnor, Margate and 9
........................................................ 124
22 COSTDAM Stucture File . ... ...ttt i e 1256
23 Improved Property Without Project Damages. . . ................co.uu.. 129
24 Infrastructure Without Project Damages.................... ... 129
25 Depth-Damage Relationships . . ............. ... 131
26 Back Bay Residual Damages. . . ....c..coveiiieneretonnninnanarians 132
27 Without Project Expected Annual Damage... . .. 132
28 Emergency Clean UpCosts ........coieeiiiiininiiiininneinnnennnn, 133
20  Total Annual Without Project Damages. . .......ccovvriveiunniineean s, 134
30  Absecon Inlet Cycle 1 Screening Results. ........... e 145
31 Absecon Inlet Cycle 2 Screening Results
2 Absecon Island Cycle 1 Screening Results
33  Absecon Island Cycle 2 Screening Results . ........................... 161
7Y Absecon Inlet Cycle 3 Stormn Damage Reduction
Benefits .......coiitiiiiiie i it i i P 164
b Absecon Inlet Benefit Cost Matrix. .. ...........ccvviiiiineenennnnnn, 156
36 Matrix of Beachfill Alternatives . ..........ooiineeiininnnnnnnnnn.. 161



BHRBRZLE &8 SRER =8 B ¥IZ

Page
Atlantic City With Project Storm Erosion Analysis ..................... 162
Ventnor, Margate and Longport—With Project Storm
Erosion Analysis . . .....coottitiiininninriiiinencnnnniaceascosanss 162
Atlantic City—Cycle 3 Storm Damage Reduction
Benefits . ... ... i i i i it i ri e ae e 164
Atlantic City Benefit Cost Matrix. ... ......c.oiiiii i iiiinnennnnennn 165
Ventnor, Margate and Longport Storm Damage
Reductionby Alternative ...........c.c0iitiienuainnnnnonnannaeannn 167
Ventnor, Margate and Longport Benefit Cost Matrix .................... 168
Absecon Island VolumetricChange . . ...............iiiiiaeinnnn... 182
Predicted VolumetricChanges . .................cooiiiiiiiiiine.., 183
Renourishment Rate Predictions With and Without
GIOINS . ... ittt iieieiiaentossanecsansonssaonssnneesneeonanes 184
Total First Cost Summary.........c.ooviiiiiiiiiin it ennnaeanns 200
Absecon Island Present Interest During Construction................... 203
Absecon Island Present Worth Analysis of Periodic
NouriShment . . ... ... ... .. ittt e i anicaianannnns 204
Monitoring CoStS. . ... .vii ittt it ittt 206
Recreation Benefits. . .. .....coiiiiieiiinn i eniiienaneenenennnn 207
Benefits During Construction. . . .........coiiiiieniinnrineenenaanan 209
Benefit-Cost Comparison forthe NEDPlan ........................... 210
Interest Rate Sensitivity ...........cviiiniiiie i rrnnernenannn 218
Replacement Cost Sensitivity . . .. ...coovtveinrininiinre i ennennns 219
Depth-Damage Curve Sensitivity . .. ........cciviieinninnnnnennnn.n. 220
Cost Sharing for the SelectedPlan. . . ... ... .. ... ... ... ... ....... 222

LIST OF FIGURES

Brigantine Inlet to Great Egg Harbor Inlet . Page
StudyArea............ccciiiiiiiiann, N 14
Absecon Island Profile Line Locations. . .. ................ .. ..ot 28
Absecon Island Borrow Areas . ............ . ... .. oL ool 30
Hazardous, Toxic, Radioactive Waste Sites . .. ......................... 35
Wave Information Study, StationMap ............... ..o iiiiiiiiiia, 54
Absecon Inlet Gauge Locations .............c.oiiiiiiiiiiiiiiiann., 55
Range Linesat AbseconInlet....... ... ... ... ... o iiiiiiiiian... 60
Stage Frequency Relationship .................... ... ... ... ... 62
Authorized Projectat AbseconlInlet ............. ... ... 67
Absecon Inlet Bathymetry, 1994.................... e .. 69
Absecon Inlet Bathymetry, 1977. . .. 70
Absecon Inlet Bathymetry, 1994 .... ... e e . 71
Absecon Inlet Maintenance Dredging .................. ... oot 75
Beach Erosional Deposition Model . .................. .. ..ciivn... 81
Sediment Pathways.............oiiiiiiiiiiiniii i iiineiaanann, 83
Absecon Inlet Current Field, Flood tide, 1994. ......................... 85
Absecon Inlet Current Field, Ebbtide, 1994 .. ......................... 86
Absecon Inlet Current Field, Flood tide, 1977. .. ....................... 87
Absecon Inlet Current Field, Ebbtide, 1977 .. ... ... ... ... ........... 88
Net Wave Sediment Transport Potential .............................. 89
Wave Sedimentation Patterns. . ............c ittt 90
Shoreline Change Map ............ ... . it iiiiiiineniannnnn. 95
ShorelineChange Map .......... ... ittt 96
Shoreline Change Map ..........ciitiiintirtnnnnrinnernennenennnns 97
AbseconInlet Oblique 1992 ......... ...t e 103
AbseconInletOverhead 1991. . ....... ... ... ... ... ... ............. 104
Longport, 1074 . . .. e e et i e, 106
Longport, 199 . . ... . i et e e i 107
Baseline and Reference Line. . .......... ... ...t iineiinennnn 112
Case 1—Wave attackstormprofile .................................. 119
Case 2—Wave attackstormprofile .................................. 119

Case 3—Wave attackstormoprofile .............. ... ... ... 120



w2
o=g

558 BR/28 LEIXREY

'S
<)

PEB2LEH

QIEY QW» g

vi

Case 4—Wave attackstormprofile ................ ...,
Without project damage Mechanisms ......................ccoounn...
Absecon Inlet Channel Depth. ... .............. ... .ciiiiiiieinn...
Typical Bulkhead Section . . .......... ... ..o iiiviiiii...
Typical Beachfill Section—Cycle 2.................coieiieviiiiinn..
Typical Beachfill Section with Dune—Cycle 2 .........................
Typical Cycle-3 Beachfill SectionwithDune ..........................
Atlantic City 3-D Representation of NetBenefits . . .....................
Ventnor, Margate and Longport 3-D Representation

of Net Benefits. .. .....ootniii i et
GENESIS Longshore Transport .. ......coovueeennieeiennneeannnnnnns
Shoreline Change between 1986and 1991.............................
Longshore Transport Verification Oct 86-March 91 .....................
Differences between Actual and Predicted

Shoreline Change. .. ...ttt it iiiinnns
Adjusted Base Year Shoreline. . .................... ... ... . i,
Selected Plan—AbseconInlet. .. ...............cciiiiiiiiin...
Selected Plan—Oriental Ave. to

Martin Luther King, Jr. Blvd . ............ ... ... ..,
Selected Plan—Martin Luther King Jr. to

Brighton Ave ... ... .. i e
Selected Plan—Brighton to Jackson Ave. . ............ccvinunnnnnns..
Selected Plan—Jackson to Portland Ave. . ....

Selected Plan—Portland to Fredricksburg
Selected Plan—Fredricksburg to Kenyon Ave. .. .......................
Selected Plan—Kenyon Ave. to32nd Ave ..................iviinnn..
Selected Plan—32nd Ave. to 11thAve. . ...............c..oieennnnn...
Shipwreck Buffer Areas in the Absecon Inlet

BOITOW ATea. . .. ..o e

LIST OF APPENDICES
(Only Appendices D and E printed)

ENGINEERING TECHNICAL APPENDIX

ECONOMICAPPENDIX .. ........ciiiuiiiiiiinininiennnannnennnn.
ENVIRONMENTAL INVESTIGATIONS AND

COORDINATION

PERTINENT CORRESPONDENCE .................coiiiiiiiiinnnn.,
REAL ESTATE PLAN

PUBLIC ACCESS PLAN

PUBLIC COMMENTS AND RESPONSES

Page



vii

LETTER OF TRANSMITTAL

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
CIVIL WORKS
108 ARMY PENTAGON
WASHINGTON DC 20310-0108

16 OCT 897

Honorable Newt Gingrich
Speaker of the House

of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

Section 101(b) (13) of the Water Resources Development
Act (WRDA) of 1996, authorized a storm damage reduction and
shoreline protection project for Brigantine Inlet to Great
Egg Harbor Inlet, Absecon Island, New Jersey. However,
since the project is a beach nourishment project located in
a recreation and tourist area, and involves a long-term,
50-year Federal investment beyond initial construction, the
project would receive a low budget priority. Therefore, in
view of the current constrained budget situation, it is not
likely that funding for this project will be included in
future budget requests.

The project is described in the report of the Chief of
Engineers dated December 23, 1996, which includes other
pertinent reports and comments. These reports are
submitted in partial response to a resolution adopted by
the House Committee on Public Works and Transportation on
December 10, 1987, and a resolution adopted by the Senate
Committee on Environment and Public Works on December 17,
1987. The views of the State of New Jersey, the
Departments of the Interior and Transportation, and the
Environmental Protection Agency are set forth in the
enclosed report.

The authorized project extends along the entire
oceanfront of Absecon Island and portions of Atlantic
City's Brigantine Inlet beachfront. The total length of
the project is about 8.4 miles. The plan consists of a
200-foot-wide beach berm at an elevation of +8.5 feet
National Geodetic Vertical Datum (NGVD) and a storm dune
with a crest width of 25 feet at an elevation of +16 feet
NGVD along the beachfront of Atlantic City; a 100-foot-wide
beach berm at an elevation of +8.5 feet NGVD and a storm
dune with a crest width of 25 feet at an elevation of +14
feet NGVD along the beachfront of Ventnor, Margate, and
Longport; and two sections of timber bulkhead at a top
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elevation of +14 feet NGVD, and stone revetment, along the
Brigantine Inlet beachfront of Atlantic City. The plan
also includes dune grass planting, sand dune fencing,
vehicle access ramps, and dune walkovers. Additionally,
the project includes advance beach fill and periodic
renourishment to ensure the integrity of the design. The
plan requires the placement of about 6.2 million cubic
vards of initial beach f£ill to be obtained from nearby
offshore borrow sites, and subsequent future periodic
nourishment of about 1.7 million cubic yards every three
years for 50 years. The project has been designed in a
manner that minimizes significant adverse environmental
impacts. No separable fish and wildlife mitigation is
required.

Based on October 1995 price levels, the total first
cost of the project is estimated at about $52,000,000, with
a Federal first cost of about $34,000,000, and a non-
Federal first cost of about $18,000,000. In accordance
with WRDA 1986, cost sharing is based on shoreline
ownership, extent and type of shoreline development, and
extent of public benefits and public access in the project
area. The total cost of future periodic nourishment and
project monitoring is estimated at about $213,310,000,
which would be spent over a 50-year period.

The Office of Management and Budget advises that there
is no objection to the submission of this report to the
Congress for information. A copy of its letter is enclosed
in the report.

Sincerely,

ohn Zirschky
Acting Assistant Secretary of the Army
(Civil Works)

Enclosure
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COMMENTS OF THE OFFICE OF MANAGEMENT AND
- BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

A6 Iegr

Honorable John H. Zirschky
Acting Assistant Secretary of the
Army for Civil Works
Pentagon - Room 2E570
Washington, D.C. 20310-0108

Dear Dr. Zirschky:

As required by Executive Order 12322, the Office of Management and Budget has
completed its review of former Assistant Secretary Lancaster’s recommendation for the New
Jersey Shore Protection Study, Brigantine Inlet to Great Egg Harbor, Absecon Island.

The recommendation for this px:oject in his letter of April 8, 1997, is consistent with the
policies and program of the President. The Office of Management and Budget does not object to
submission of this report to Congress.

Sincerely,
o, 55
Lﬂ&@l—m E
Kathleen Peroff </
Deputy Associate Director

Energy and Science Division
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COMMENTS OF THE STATE OF NEW JERSEY

State of Heto Jerasy

Christine Todd Whitnan Dapartawnt of Environmental Protection Robert C, Shinn, Jr.

&
ererner Hatural and Histoxic Resources Commissianer

Division of Enginweriag and Construction
March 3, 13897

Lt. Colonel Robert B. Keyser
Phila. Dist. Corps of Engineers
Wanamaker Bldg.

100 Penn Square East
Philadelphia, PA 18107-3380

pear Lt. Cel. Keyser:

I am writing in support ¢f the project identified by the
Corps of Engineers’ Final Interim Feasibility Report and Final
Envirenmental Impact Statement for Absecon, New Jersey, dated
August 1996. We are aware that a Corps of Engineexs Chief’s
Raport was completed in December 1996 which resulted in this
project being authorized by Section 10Ll(b) of the Water Resources
Development Act of 1956. We fully support this project being
considered for future construction and the State is prepared tc
enter intc a Proiject Cooperation Agreement (PCA}. We are aware
of the cost sharing requirements of the PE&D phase and are
willing to cost share this portion of the project at 75% Federal
and 25% non-Federal, understanding that adjustments may be
necessary to brirng the non-Federal PE&D cost sharing in line with
the project cost sharing during the first year of construction.

We are alsc aware that some issues still remain regarding
final C2M certification of this project. As previously agreed
between respective agencies, these issues will be resolved during
the PEsD phase of this project.

The State of New Jersey is very supportive of this shore
protecticn project. We look forward to working with the Corps of
Engineers in constructing this important project. X

Sincerely,

d 3.
Administrator
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COMMENTS OF THE DEPARTMENT OF THE INTERIOR

United States Department of the Interior

OFFICE OF THE SECRETARY
Washington. D.C. 20240

ER-96/0630

NOV 22 1%
Mr. Raleigh H. Leef
Acting Chief, Policy Division
Directorate of Civil Works
ATTN: CECW-AR (SA)
7701 Telegraph Road
Alexandria, VA 22315-3861

Dear Mr. Leef:

The Department of the Interior (Department) has reviewed the Chief of Engineers Proposed
Report and the Final Feasibility Report/Environmental Impact Statement (FEIS) for the New
Jersey Shore Protection Study, Brigantine Inlet to Great Egg Harbor Inlet, Absecon Island
Interim Feasibility Study. The subject documents address shore protection for the
communities of Atlantic City, Ventnor, Margate, and Longport, in Atlantic County, New
Jersey.

Background

The Department provided 13 recommendations in correspondence from the Department to the
Corps dated July 16, 1996 (copy enclosed). These concerns are identified below.

1. Consult with the New Jersey Bureau of Shellfisheries to minimize impacts on surf
clams at Borrow area "A."

2. Avoid creating excessively deep, poorly flushed borrow areas.

3. Use a hydraulic-pipeline dredging method and schedule dredging during the period of
lowest biological activity (November to January) to minimize impacts on benthic
organisms.

4. Conduct each renourishment dredging phase in a limited area of Borrow area "A" and
alternate locations for each subsequent renourishment cycle (rotational dredging).

5. Provide the federal resource agencies (e.g., U.S. Fish and Wildlife Service (FWS)
and Nationa! Marine Fisheries Service) with copies of borrow area update surveys,
the benthic monitoring program, and results of the benthic monitoring program.



10.

11.

12.

13.

xi1

Obtain a perpetual deed restriction or conservation easement for the newly created
beach and adjacent beach areas.

Relocate the boardwalk landward between Atlantic Avenue and Oriental Avenue and
construct a bulkhead and revetment on the seaward side of the boardwalk, in order to
minimize impacts on shallow water habitat.

Coordinate with the FWS prior to initial beach nourishment to ensure that piping
plovers do not occur on the project area beaches.

Establish protective zones, if piping plovers use these beaches after initial beach
nourishment, in accordance with the FWS’s "Guidelines for Managing Recreational
Activities in Piping Plover Breeding Habitat on the U.S. Atlantic Coast to Avoid Take
Under Section 9 of the Endangered Species Act." The Corps would be responsibie
for providing materials (e.g., fencing, signs) or funds for materials for establishing
such protective zones.

Consult with the FWS pursuant to Section 7 of the Endangered Species Act for each
renourishment phase of the project for the project life (i.e., 50 years) on beaches
where piping plovers are documented.

Notify each municipality on Absecon Island about the restrictions that will be placed
on recreational activities and beach management (e.g., beach raking) if piping plovers
occur on the beaches of Absecon Island. In addition, the Corps should provide each
municipality with a copy of the above-mentioned Guidelines.

In the event that beach nesting birds do nest on Absecon Island, develop effective
educational materials or provide funds for public education and outreach to inform the
public about beach nesting birds and promote public support for these species.

Develop and implement a shorebird monitoring program in cooperation with the FWS
that monitors the use of the proposed nourished beaches for shorebirds, in particular
piping plovers. Additionally, submit the proposed shorebird monitoring program to
the FWS for review and comment.

Additionai Concern

In order to further minimize adverse impacts on finfish and shellfish from dredging and
beach nourishment, the Department recommends that the proposed 200-foot-wide berm
adjacent to Atlantic City be reduced to 100 feet wide. A 100-foot-wide berm is consistent
with the width of constructed beaches in neighboring municipalities (i.e., Ventnor, Margate,
and Longport) and with the width of other municipal beaches in Monmouth and Cape May
counties. Therefore, minimizing the width of the berm would not only reduce potential
adverse impacts on finfish and shellfish resources, but would also provide the same shoreline
protection afforded other communities.
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Departmental Position

The Department is satisfied that the Corps has adequately addressed recommendations 2, 4,
5, 6, 8, 10, and 11 in the FEIS. However, the Corps has not adequately addressed
recommendations 1, 3, 7, 9, 12, and 13 regarding: impacts on shellfish; dredging
procedures; boardwalk relocation; potential use of renourished areas by piping plovers;
public education regarding beach nesting birds; and shorebird monitoring, respectively.
Therefore, the Department continues to recommend that the Corps incorporate
recommendations 1, 3, 7, 9, 12, and 13 into the final project design to minimize project-
related adverse impacts to fish and wildlife resources. In addition, the Department
recommends that the Corps reduce the proposed berm for Atlantic City from 200 feet to 100
feet wide, in order to minimize impacts on finfish and shelifish resources. A 100-foot- wide
berm would reduce the amount of dredge material needed for beachfill while still providing
the same shoreline protection afforded other New Jersey shore communities. The
Department encourages the Corps to resolve the above-mentioned concerns and incorporate
Departmental recommendations in the final project design during the next phase of project
development. The Department and the FWS will continue to cooperate fully to resolve these
aforementioned concerns.

If you have any questions regarding these comments or require further assistance on issues
regarding fish and wildlife resources in New Jersey, including federaily listed threatened or
endangered species, please contact the FWS at the following address:

Supervisor

U.S. Fish and Wildlife Service
New Jersey Field Office
Ecological Services

927 N. Main Street, Building D
Pleasantville, New Jersey 08232
(609) 646-9310

Thank you for the opportunity to provide these comments.

Sincerely,

(oiniriZdocer

Willie R. Taylor, Director
Office of Environmental
Policy and Compliance
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COMMENTS OF THE ENVIRONMENTAL PROTECTION
AGENCY

ST UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
% REGION 2
SEEZZ 250 BROADWAY
e NEW YORK, NY 10007-1866
Nov 0 4 1996

Robert L. Callegari, Chief

Planning Division

U.S. Army Corps of Engineers
Philadelphia District

Wanamaker Building

100 Penn Sguare East

Philadelphia, Pennsylvania 19107-3390

Dear Mr. Callegari:

The Environmental Protection Agency (EPA)} has reviewed the final
environmental impact statement (EIS) for the Absecon Island
Interim Feasibility Study from Brigantine Inlet to Great Egg
Harbor Inlet, Atlantic County, New Jersey. This review was
conducted in accordance with Section 309 of the Clean air Act, as
amended (42 U.S.C. 7609%, PL 91-604 12(2), 84 Stat. 1709), and the
National Environmental Policy Act. The proposed project involves
the use of beach nourishment, dune stabilization, and bulkhead
construction to reduce the potential for storm damage to
properties on Absecon Island.

In our June 20, 1396 comment letter on the draft EIS, we
expressed concerns about impacts to benthic communities and water
quality, and the potential cumulative impacts associated with
this and other erosion/storm damage protection projects in New
Jersey. We note that the final EIS indicates that the
nourishment plan proposed for this project, 1.7 million cubic
yards of material every three years for 50 years, was developed
primarily for the purpose of cost estimating. Further, the final
EIS indicates that your intent is not to use this amount of
material; rather, you will provide beach nourishment only when
and where needed. Once initial construction has been done, beach
surveys will be ceonducted yearly to measure and record the amount
and location of sand on the beach to determine need. We concur
that this approach will minimize the environmental impacts about
which we were initially concerned. In addition, the final EIS
states that all projects will conduct post construction surveys
to evaluate cumulative impacts: this information will he useful
in evaluating future proposed projects.

Based on our review of the final EIS, our concerns have been
adequately addressed. Moreover, we have concluded that the
proposed project would not result in significant adverse
environmental impacts; therefore, EPA has no objections to the
implementation of the proposed project.

Should you have any questions concerning this letter, please
contact Deborah Freeman of my staff at (212) 637-3730.

Sincerely yours,

Robert w. Hé ropje, Chief
Strategic Planning and Multi-Media Programs Branch
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COMMENTS OF THE DEPARTMENT OF TRANSPORTATION

U.S. Departiment 2100 Second Street, SW.
of Transportation Commandant Washington, DC 20593-0001
United States Coast Guard Staff Symbol: G-MOR
United Statas Phone: (202) 267-0518
Coast Guard FAX: (202) 267-4085
16450

November 25, 1996

Policy Division, Policy Review Branch
Department of the Army

U.S. Army Corps of Engineers
Washington, DC 20314-1000

Dear Sir:

Recently you sent copies of the proposed report for the Chief of
Engineers and report of the district engineer on the listed
projects. In addition, you sent a letter dated October 25, 1996
requesting an expedited review of these documents. We have
reviewed the proposed reports and have no comments to offer.

Chesapeake and Delaware Canal, Baltimore Harbor Connecting
Channels (Deepening), Delaware and Maryland, sent September 12,
1996, 90 Days ending December 11, 1996.

Saint Paul, Alaska, sent September 17, 1996, 90 days ending
December 16, 1996.

New Jersey Shore Protection Study, Brigantine Inlet to Great Egg
Harbor Inlet, Absecon Island Interim, sent September 19, 1996, S0
days ending December 18, 1996.

Kaweah River Basin, California, sent September 25, 1996, 90 days
ending December 24, 1996.

Thank you for providing the Coast Guard the opportunity to review
the proposed reports. We look forward to receiving the final
reports when issued.

Sincerely,

- TN
//’\,“ML / /{
~_R. E. BENNIS

Captain, U.S. Coast Guard

Chief, Office of Response
By direction

i



NEW JERSEY SHORE PROTECTION STUDY
REPORT OF THE CHIEF OF ENGINEERS, DEPARTMENT OF THE ARMY

DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON. D.C. 20314-1000

neruy TO
atresTion on

CECW-PE  (10-1-7a) 2 3 DEC 1996

SUBJECT: New Jersey Shore Protection Study, Brigantine Inlet to Great Egg Harbor
Inlet, Absecon Island Interim

THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress my report on the study of hurricane and storm
damage reduction for Absecon Island, New Jersey, on the Atlantic coast of New Jersey,
located in Atlantic County. It is accompanied by the report of the district and division
engineers. These reports are in partial resp to a resolution by the C ittee on
Environment and Public Works of the United States Senate dated 17 December 1987. This
Luti g d review of existing reports of the Chief of Engineers for the entire coast
of New Jersey with a view to study, in cooperation with the State of New Jersey, its
political subdivisions and agencies and instruments thereof, the changing coastal processes
along the coast of New Jersey. This report is on the Absecon Island Interim of the
Brigantine Inlet to Great Egg Harbor Inlet reach of the New Jersey Shore Protection Study.

2. Section 101(b)(13) of the Water Resources Development Act of 1996, Public Law
104-303, authorized construction of the Absecon Island, New Jersey, project for storm
damage reduction and shoreline p ion subject to pletion of a final report of the
Chief of Engineers on or before 31 December 1996 and subject to the conditions
recommended in that final report. This report constitutes the final report of the Chief of
Engineers required by WRDA 1996. The authorizing language for the Absecon Island
project reflects a total cost of $52,000,000, with an estimated Federal cost of $34,000,000
and an estimated non-Federal cost of $18,000,000.

3. The plan developed by the district engineer generally extends the entire oceanfront
length of Absecon Island and portions of Atlantic City’s inlet frontage, for a total length of
44,425 feet. The plan consists of 2 200-foot-wide beach berm at an elevation +8.5 feet
National Geodetic Vertical Datur (NGVD) and a dune at elevation +16 feet NGVD. The
dune would have a crest width of 25 feet along the Atlantic City shorefront, transitioning
into a 100-foot-wide beach berm at an elevation of +8.5 feet NGVD and a dune at
elevation +14 feet NGVD. The dune crest width would be 25 feet along the shorefront of
the communities of Ventnor, Margate, and Longport. In addition, two sections of timber
bulkhead with stone revetment from Oriental Avenue to Atlantic Avenue, totaling 1,050
linear feet, and from Madison Avenue to Melrose Avenue, totaling 550 linear feet, would
be d along the Brigantine Inlet frontage. Both bulkheads will have a top
elevation of +14 feet NGVD. The plan also includes appurtenant project features such as

(1)
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dune grass planting, sand dune fencing, vehicle access ramps, and dune walkovers.
Additionally, advance beach fill and periodic nourishment would be needed to ensure the
integrity of the design. Actions are included in project design and construction to offset
environmental impacts. No environmental mitigation features are proposed.

4. As reported by the district engineer, based on October 1993 price levels, the total first
cost of the plan is estimated at $52,146,000. Under cost sharing specified by the Water
Resources Development Act of 1986, Public Law 99-662, $33,313,000 of the total first
cost of the plan would be Federal, and $18,833,000 would be non-Federal. Of the
non-Federal share, the total cash contribution required would be $17,938,000. The balance
of the non-Federal share would consist of $895,000 for the estimated creditable cost for
lands, easements, rights-of-way, relocations, and suitable borrow and dredged or excavated
material disposal areas. The plan requires renourishment of the beachfill every 3 years or
16 times during the 50-year period following the initial construction. At October 1995
prices, periodic renourishment costs are estimated at $12.188.000, for each occurrence.
Total periodic renourishment costs are estimated at $195,002,000. stated in terms of
October 1995 prices. Based on a discount rate of 7.625 percent and a 50-year period of
economic analysis, average annual periodic renourishment costs are estimated at
$2,434,000 Federal and $1,310,000 non-Federal. Costs associated with periodic
monitoring activities, currently estimated at $6,370,000 over the 50-year economic life of
the project, as identified in the operations and maintenance manual developed by the
district engineer, will be borne by the non-Federal sponsor. The cumulative Federal share
of continuing construction costs (50 years) would be $134,511,000. The cumulative non-
Federal share of periodic renourishment and project monitoring costs (50 years) would be
$78,799,000. The ultimate project costs would be $263,456,000, shared $167,824,000
Federal and $97,632.000 non-Federal. Based on a discount rate of 7.625 percent and a
50-year period of economic analysis, average annual benefits are estimated at $16.356,000,
and average annual costs are estimated at $8,486,000. The resulting ratio of
benefits-to-costs is 1.9. The plan developed by the district engineer is the national

economic development plan.

5. I generally concur in the findings of the reporting officers, except for cost-sharing of
project monitoring costs. The reporting officers treated all periodic monitoring costs as
project costs. As reflected in paragraph 4 above, cost associated with periodic monitoring
activities, as identified in the operations and maintenance manual developed by the district
engineer, will be bome by the non-Federal sponsor. The plan developed is technically
sound, economically justified, and socially and environmentally acceptable. The plan
conforms with essential elements of the U.S. Water Resources Council’s Economic and
Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies and complies with other Administration and legislative policies
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and guidelines on project development. However, based on current budget priorities,
projects like Absecon Island, New Jersey, would receive a low budget priority, and it is
unlikely that funding for this project will be included in future budget requests.

6. However, in light of the authorization provided by Section 101(b)(13) of WRDA 1996,
should the project receive construction appropriations for Federal implementation, it would
be implemented subject to the cost-sharing and other applicable requirements for hurricane
and storm damage reduction projects as established by WRDA 1986, as amended, and
would be implemented with such modifications as the Chief of Engineers deems advisable
within his discretionary authority. Federal implementation is also subject to the
non-Federal sponsor agreeing to comply with applicable Federal laws and policies being
responsible for the following items of local cooperation:

a. Provide 35 percent of total project costs assigned to hwrricane and storm damage
reduction and as further specified below:

(1) Provide all lands, easements, and rights-of-way, including suitable
borrow and dredged or excavated material disposal areas, and perform or ensure the
performance of all relocations determined by the Federal Government to be necessary for
the initial construction, periodic nourishment, operation, and maintenance of the project.

(2) Provide all improvements required on lands, easements, and
rights-of-way to enable the proper disposal of dredged or excavated material associated
with the initial construction, periodic nourishment, operation, and maintenance of the
project. Such improvements may include, but are not necessarily limited to, retaining
dikes, wasteweirs, bulkheads, embankments, monitoring features, stilling basins, and
dewatering pumps and pipes.

(3) Provide, during construction, any additional amounts as are necessary to
make its total contribution equal to 35 percent of total project costs assigned to hurricane
and storm damage reduction.

b. For so long as the project remains authorized, operate, maintain, repair, replace,
and rehabilitate the completed project, or functional portion of the project, at no cost to the
Federal Government, in a manner compatible with the project’s authorized purpose and in
accordance with applicable Federal and State laws and regulations and any specific
directions prescribed by the Federal Government.

c. Give the Federal Government a right to enter, at reasonable times and in a
reasonable manner, upon property that the non-Federal sponsor, now or hereafter, owns or
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controls for access to the project for the purpose of inspection, and, if necessary, after
failure to perform by the non-Federal sponsor, for the purpose of completing, operating,
maintaining, repairing, replacing, or rehabilitating the project. No completion, operation,
maintenance, repair, replacement, or rehabilitation by the Federal Government shall relieve
the non-Federal sponsor of responsibility to meet the non-Federal sponsor’s obligations, or
to preclude the Federal Government from pursuing any other remedy at law or equity to

ensure faithful performance.

d. Hold and save the United States free from all damages arising from the initial
construction, periodic nourishment, operation, maintenance, repair. replacement, and
rehabilitation of the project and any project-related betterments, except for damages due to
the fault or negligence of the United States or its contractors.

e. Keep and maintain books, records, documents, and other evidence pertaining to
costs and expenses incurred pursuant to the project in accordance with the standards for
financial management systems set forth in the Uniform Administrative Requirements for
Grants and Cooperative Agreements to State and Local Governments at 32 Code of Federal

Regulations (CFR) Section 33.20.

f. Perform, or cause to be performed, any investigations for hazardous substances
that are determined necessary to identify the existence and extent of any hazardous
substances regulated under the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), Public Law 96+510, as amended. 42 U.S.C. 9601-9675, that
may exist in, on, or under lands, easements, or rights-of-way that the Federal Government
determines to be required for the initial construction, periodic nourishment, operation, and
maintenance of the project. However, for lands that the Federal Government determines to
be subject to the navigation servitude, only the Federal Government shall perform such
investigations unless the Federal Government provides the non-Federal sponsor with prior
specific written direction, in which case the non-Federal sponsor shall perform such
investigations in accordance with such written direction.

g. Assume complete financial responsibility, as berween the Federal Government
and the non-Federal sponsor for all necessary cleanup and response costs of any CERCLA
regulated materials located in, on, or under lands, easements, or rights-of-way that the
Federal Government determines to be necessary for the initial construction, periodic
nourishment, operation, or maintenance of the project.

h. As between the Federal Government and the non-Federal sponsor, the
non-Federal sponsor shall be considered the operator of the project for the purpose of
CERCLA liability. To the maximum extent practicable, operate, maintain, repair, replace,
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and rehabilitate the project in a manner that will not cause lability to arise under
CERCLA.

i. Comply with the applicable provisions of the Uniform Relocation Assistance and
Real Property Acquisition Policies Act of 1970, Public Law 91-646, as amended by Title
IV of the Surface Transportation and Uniform Relocation Assistance Act of 1987 (Public
Law 100-17), and the Uniform Regulations contained in 49 CFR Part 24, in acquiring
lands, easements, and rights-of-way, required for the initial construction, periodic
nourishment, operation, and maintenance of the project, including those necessary for
relocations, borrow materials, and dredged or excavated material disposal. and inform all
affected persons of applicable benefits, policies, and procedures in connection with said

Agt.

j. Comply with all applicable Federal and State laws and regulations, including, but
not limited to, Section 601 of the Civil Rights Act of 1964, Public Law 88-352 (42 U.S.C.
2000d), and Department of Defense Directive 5500.11 issued pursuant thereto, as well as
Army Regulation 600-7, entitied "Nondiscrimination on the Basis of Handicap in
Programs and Activities Assisted or Conducted by the Department of the Army."

k. Provide 35 percent of that portion of total historic preservation mitigation and
data recovery costs attributable fo hurricane and storm damage reduction that are in excess
of 1 percent of the total amount authorized to be appropriated for hurricane and storm
damage reduction.

1. Participate in and comply with applicable Federal floodplain management and
flood insurance programs in accordance with Section 402 of Public Law 99-662, as
amengded.

m. Within one year after the date of signing a project cooperation agresment,
prepare a floodplain management plan designed 1o reduce the impact of future flood events
in the project area. The plan shall be prepared in accordance with gunidelines developed by
the Federal Government and must be implemented not later than one year after completion
of construction of the project.

n. Prescribe and enforce regulations to prevent obstruction of or encroachment on
the project that would reduce the level of protection it affords or that would hinder
operation and maintenance of the project.

o. Not less than once each year, inform affected interests of the extent of protection
afforded by the project. :
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p. Publicize floodplain information in the area concemed and provide this
information to zoning and other regulatory agencies for their use in preventing unwise

future development in the floodplain, and in adopting such regulations as may be necessary
to prevent unwise future development and to ensure compatibility with protection levels
provided by the project.

q. For so long as the project remains authorized, the non-Federal sponsor shall
ensure continued conditions of public ownership and use of the shore upon which the
amount of Federal participation is based.

r. Provide and maintain necessary access roads, parking areas, and other public use
facilities, open and available to all on equal terms.

Chief of Engineers



REPORT OF THE DISTRICT ENGINEER

BRIGANTINE INLET TO GREAT EGG HARBOR INLET
FEASIBILITY STUDY

Absecon Island Interim Study

Final Feasibility Report
August 1996

SYLLABUS

This report presents the results of a feasibility phase study to determine an implementable
solution and the extent of Federal participation in a storm damage reduction project for the
communities of Atlantic City, Ventnor, Margate and Longport, New Jersey. This feasibility study
is prepared based on the recommendations of the reconnaissance study completed in 1992, which
identified possible solutions to the storm damage problems facing the study area. The reconnaissance
study also determined that such a solution was in the Federal interest and identified the non-Federal
sponsor.

The feasibility study was cost shared between the Federal Government and State of New
Jersey through the New Jersey Department of Environmental Protection (NJDEP), and was
conducted under the provisions of the Feasibility Cost Sharing Agreement executed 20 January 1993.
The feasibility study was initiated in March 1993.

The Absecon Island study area stretches for approximately 9.2 miles along Atlantic City's-
Absecon Inlet frontage and the ocean coast of Absecon Island. The area has been subject to major
flooding, erosion and wave attack during storms, causing damage to structures, and, since 1992, was
twice declared a National Disaster Area by the President of the United States. In recent years,
continued erosion has resulted in a reduction of the height and width of the beachfront, which has
increased the potential for storm damage.

The feasibility study evaluated various alternative plans of improvement formulated on
hurricane and storm damage reduction. The NED plan has been identified as a 200 foot wide berm
at elevation + 8.5 ft NGVD with a dune at elevation + 16 ft NGVD with a crest width of 25 feet for
the oceanfront of Atlantic City, a 100-foot wide berm at elevation + 8.5 ft NGVD with a dune at
elevation + 14 ft NGVD with a crest width of 25 feet for the oceanfront of Ventnor, Margate &
Longport, and two timber bulkhead sections with top elevation of +14 NGVD and revetment along
the inlet frontage of Atlantic City. The selected oceanfront plans include dune grass, dune fencing
and suitable advance beachfill and periodic nourishment to ensure the integrity of the design. The
plan requires 6,174,013 cubic yards of initial fill to be placed from designated offshore borrow sites,
and subsequent periodic nourishment of 1,666,000 cubic yards every 3 years for 50 years.
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The feasibility report is based on October 1995 price levels and the Federal interest rate of
7.625%. The economic analysis for the selected plan indicates that the proposed plan will provide
annual benefits of $16,356,000 which when compared to annual cost of the proposed plan of
38,486,000, yields a benefit to cost ratio of 1.9 with $7,870,000 in net excess benefits.

The total initial project cost of construction is currently estimated to be $52,146,000 (at
October 1995 price levels). The Federal share of this first cost is $33,896,000, and the non-Federal
share $18,251,000. Periodic nourishment is estimated at $12,188,000 on a three year cycle and will
be similarly cost shared 65-35 for the life of the project. The ultimate project cost which includes
initial construction, fifty years of periodic nourishment and monitoring is currently estimated to be
$265,456,000 (at October 1995 price levels).

The proposed plan is technically sound, economically justified, and socially and
environmentally acceptable; however, the current Administration’s budgetary policy precludes further
Federal participation in the design and construction of hurricane and storm damage reduction
projects. This means that the feasibility phase of study will be completed, however, Federal funds will
not be budgeted future construction of this project.
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DESCRIPTION OF THE SELECTED PLAN

FOR ABSECON ISLAND

Project Title: New Jersey Shore Protection Study, Brigantine Inlet to Great Egg Harbor Inlet

Feasibility Study, Absecon Island Interim Report

Description:  The proposed project provides a protective beach with a dune system to reduce the
potential for storm damage in the communities of Atlantic City, Ventnor, Margate &
Longport, NJ, and bulkheading along Atlantic City's Absecon Inlet frontage.

Beach Fill
Volume of Initial Fill
Volume of Renourishment Fill
Interval of Renourishment
Length of Fill

Width of Beach Berm (Atlantic City)
Width of Beach Berm (Ventnor, Margate & Longport)
With of Dune Crest

Timber Bulkheads with Stone Revetment
Oriental Avenue to Atlantic Avenue
Madison Avenue to Melrose Avenue

Elevations
Dune Crest (Atlantic City)
Dune Crest (Ventnor, Margate & Longport)
Beach Berm
Bulkhead Top Elevation

Slopes
Dune (Landward)
Dune (Seaward)
Beach Berm to Existing Bottom
Stone Revetment

Dune Appurtenances
Grass Planting
Sand Fencing
Vehicle Access
Dune Walkovers

6,174,013 yd*
1,666,000 yd®
3 yrs

42,825 L.

200 ft.
100 ft.
25 fi.

1,050 1f,
550 Lf

+16 . NGVD
+14 ft. NGVD
+8.5 ft. NGVD
+14 . NGVD

1V:5H
1V:5H
1V:30H
1V:2H

91 Acres
63,675 Lf.



10

Project Costs

Ultimate Project Cost (Oct. 1995 P.L.) $265,456,000
Initial Cost $ 52,146,000
Annualized (Discounted 7.625%) $ 8,486,000
Average Annual Benefits
Storm Damage Reduction $ 8,912,000
Reduced Maintenance 3 2,000
Benefits During Construction $ 479,000
Recreation $ 6,963,000
Benefit/Cost Ratio 19
Cost Apportionment (First Cost)
Federal $33,896,000
Non-Federal $18,251,000

NOTE: All elevations refrenced to the National Geodetic Vertical Datum (NGVD), 1929
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INTRODUCTION

1. The New Jersey Shore Protection Study is an ongoing study of the shore protection and water
quality problems facing the entire ocean coast and back bays of New Jersey. The study will provide
recommendations for future actions and programs to reduce storm damage, minimize the harmful
effects of shoreline erosion, and improve the information available to coastal planners and engineers
to preclude further water quality degradation of the coastal waters. This report presents the
formulation of the National Economic Development (NED) plan for the first interim study of the
Brigantine Inlet to Great Egg Harbor Inlet Feasibility Study. This interim study focuses on Absecon
Island.

2. This document was prepared in accordance with ER 1105-2-100 (Civil Works Planning Guidance
Notebook), ER 1110-2-1150 (Engineering & Design for Civil Works Projects), ER 1165-2-130
(Federal Participation in Shore Protection) and other applicable guidance and regulations. The
guidelines for planning water and related land resources activities as contained in the Civil Works
Planning Guidance Notebook, require that Federal water resources activities be planned for achieving
the National Economic Development (NED) objective. The NED objective is to increase the value
of the Nation's output of goods and services and improve national economic efficiency, consistent
with protecting the Nation's environments pursuant to national environmental statutes, applicable
executive orders and other Federal planning requirements.

3. Due to the level of detail included in the engineering appendix, and the fact that construction of
the proposed project is not complex, a General Design Memorandum (GDM) should not be required.
Therefore, it is expected that this study will progress directly into the Plans and Specifications (P&S)
phase.

STUDY AUTHORITY

4. The New Jersey Shore Protection Study was authorized by resolutions adopted by the Committee
on Public Works and Transportation of the U.S. House of Representatives and the Committee on
Environment and Public Works of the U.S. Senate in December 1987.

5. The Senate resolution adopted by the Committee on Environment and Public Works on December
17, 1987 states:

“that the Board of Engineers for Rivers and Harbors, created under Section 3 of the
Rivers and Harbors Act, approved June 13, 1902, be, and is hearby requested to
review existing reports of the Chief of Engineers for the entire coast of New Jersey
with a view to study, in cooperation with the State of New Jersey, its political
subdivisions and agencies and incrumentalities thereof, the changing coastal processes
along the coast of New Jersey. Included in this study will be the development of a
physical, environmental, and engineering database on coastal area changes and
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processes, including appropriate monitoring, as the basis for actions and programs to
prevent the harmful effects of shoreline erosion and storm damage; and, in
cooperation with the Environmental Protection Agency and other Federal agencies
as appropriate, develop recommendations for actions and solutions needed to
preclude further water quality degradation and coastal pollution from existing and
anticipated uses of coastal waters affecting the New Jersey Coast. Site specific studies
for beach erosion control, hurricane protection, and related purposes should be
undertaken in areas identified as having potential for a Federal project, action, or
response”.

6. The House resolution adopted by the Committee on Public Works and Transportation on

December 10, 1987 states:

"That the Board of Engineers for Rivers and Harbors is hearby requested to review
existing reports of the Chief of Engineers for the entire coast of New Jersey with a
view to study, in cooperation with the State of New Jersey, its political subdivisions
and agencies and instrumentalities thereof, the changing coastal processes along the
coast of New Jersey. Included in this study will be the development of a physical,
environmental, and engineering database on coastal area changes and processes,
including appropriate monitoring, as the basis for actions and programs to prevent the
harmful effects of shoreline erosion and storm damage; and, in cooperation with the
Environmental Protection Agency and other Federal agencies as appropriate, the
development of recommendations for actions and solutions needed to preclude further
water quality degradation and coastal pollution from existing and anticipated uses of
coastal waters affecting the New Jersey Coast. Site specific studies for beach erosion
control, hurricane protection, and related purposes should be undertaken in areas
identified as having potential for a Federal project, action, or response which is
engineeringly, economically, and environmentally feasible".

STUDY PURPOSE AND SCOPE

7. The Feasibility Study is the second of the Corps of Engineer's two-phase planning study process.
The objective of the Feasibility Study is to investigate and recommend solutions to problems
identified in the Reconnaissance Study and further defined herein. The Feasibility Report will
accomplish the following:

a.

b.

Provide a complete presentation of the study results and findings;

Indicate compliance with applicable statutes, executive orders and policies;
and

Provide a sound and documented basis for decision makers at all levels to judge the
recommended solution(s).
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8. This report presents the results of the analysis of existing conditions, without project conditions,
plan formulation and design of the NED plan for the feasibility level study conducted pursuant to the
previously mentioned resolutions. The Absecon Island interim study area was investigated to
determine the magnitude, location and effect of the shoreline erosion problems. This will form the
basis for Federal actions and programs to provide shoreline protection or to provide up-to-date
information for state and local management of this coastal area. Specific to Absecon Island, this
feasibility report will detail the following:

"a Define problems and opportunities in each problem area, and identify potential solutions,

b. Identify costs, environmental and social impacts, and economic indicators of identified
potential solutions,

c. Present the recommended optimized NED plan for each problem area, and,

d. Present the Project Cooperation Agreement (PCA) responsibilities of the non-Federal
Sponsor.

STUDY AREA

9. The study area is located in southern New Jersey and is approximately 8 miles in length, extending
from Absecon Inlet to Great Egg Harbor Inlet as seen in Figure 1. The study area encompasses
Absecon Island, which is located in Atlantic County. Atlantic County consists of 23 incorporated
communities and over 50 unincorporated communities.

10. Absecon Island contains the four communities of Atlantic City, Ventnor, Margate, and Longport.
This island fronts the Atlantic Ocean on its southeastern length, Absecon Inlet along its northeastern
inlet frontage and has extensive coastal and estuarine wetlands on its western boundary.
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PRIOR STUDIES, REPORTS AND RELATED PROJECTS

11. There exist numerous planned, ongoing and completed shoreline programs and projects for the
New Jersey coast. The work has been initiated by various groups including the Federal government,
the State of New Jersey, municipalities, and private interests. The description and status of these
projects and studies follow.

12. FEDERAL. The history of Corps involvement in the New Jersey Coast is long and intricate.
Before 1930, Federal government involvement in shore erosion was limited to protection of public
property. With the enactment of The River and Harbor Act of 1930 (Public Law 71-520, Section 2)
the Chief of Engineers was authorized to make studies of the erosion problem in cooperation with
municipal and state governments in order to devise a means of preventing further erosion of the
shores. Until 1946, the Federal aid was limited to studies and technical advice. In that year, and
again in 1956 (PL 84-826) and 1962 (PL 87-874), the law was amended to provide Federal
participation in the cost of a project and allowed limited contribution to the protection of privately
owned shores which would benefit the public. Table 1 describes recent Federal projects within the
study limits.

13. The Federal navigation project at Absecon Inlet provides for an entrance channel 20 feet by 400
feet through the inlet and an entrance channel 15 feet deep with a turning basin in Clam Creek (see
figure 9 later in this report).

14. Two early Federal beach erosion control projects in the study area include the Atlantic City, NJ
project and the Ventnor, Margate and Longport, NJ project. The Atlantic City project was adopted
as House Document 81-538 in 1954 and modified in HD 88-325 in 1962 and again in 1965. Along
the Absecon Inlet frontage, the Atlantic City project included replacement of a damaged concrete
seawall with a steel sheet piling wall; construction of the Brigantine Jetty; construction and extension
of groins; placing revetment at the toe of an existing bulkhead; extension of the Oriental Avenue
Jetty; and widening the Absecon Inlet navigation channel and maintaining this relocation by utilizing
borrow material from the east side of the channel to widen the beaches along the inlet frontage.
Along the ocean frontage the project included construction and extension of groins, beachfill, and
periodic nourishment for a period of ten years. The project has been partially completed to include
3727 feet of the Brigantine Jetty, some groin and bulkhead work, and beachfill. The project was
deauthorized on 1 January 1990 by PL 99-662.

15. The Ventnor, Margate, and Longport, NJ project was authorized by PL 86-645. This project was
later modified by section 103 of the River and Harbor Act of 1962 (PL 87-874) and consists of
widening 5,500 feet of beachfront, maintenance of an existing groin and periodic nourishment for a
period of ten years. This project was deferred in November 1971 due to consideration of the
Absecon Island project recommended in the comprehensive New Jersey Coastal Inlets and Beaches
Study. The project was deauthorized on 1 January, 1990 by PL 99-662.

16. The Corps of Engineers conducted several beach erosion control and navigation studies during
the 1960's and 1970's under the New Jersey Coastal Inlets and Beaches Study. The following
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separate projects were incfuded in the Barnegat Inlet to Longport House Document 94-631:

i. Barnegat Inlet

ii. Long Beach Island
ili. Brigantine Island
iv. Absecon Island

17. These projects were authorized for Phase 1 Design Memorandum Stage of Advanced Engineering
and Design by section 101a of WRDA 1976. The projects in the study area, Brigantine Island and
Absecon Island, were reauthorized pursuant to the provision of Section 605 of the Water Resources
Development Act of 1986. The project for Brigantine Island includes beachfill, dunes, groins and
periodic nourishment. The Absecon Island project included all features pertinent to the Absecon Inlet
frontage from the Atlantic City project described above, a weir breakwater north of the Brigantine
jetty, and beachfill and periodic nourishment along the oceanfront beaches. Neither of these projects
have been completed however, because of the large cost associated with hard shore protection
structures, and due to the predominance of recreation benefits in the original formulation. Recreation
benefits are no longer a high priority output of Federal projects.

18.  As stated above, section 605 of WRDA 1986 authorized the four separable projects from
Barnegat Inlet to Longport, NJ. Each of the Beach Erosion Control projects had predominant
recreation benefits and therefore PED was never initiated. The Barnegat Inlet project modification
was constructed as a design deficiency under the authority of the Supplemental Appropriations Act
of 1985 (PL 99-88) and the project's original authorization, which was the Rivers and Harbors Act
of 1935 (as referred to in the executed Local Cost Sharing Agreement). Accordingly! since the
authority of section 605 of PL 99-662 has not been used for funding for either PED or construction,
and since section 1001 of that act deauthorizes any unfunded project authorized in WRDA 86 within
five years of the date of enactment, the projects for Barnegat Inlet to Longport, NJ are considered
deauthorized as of 17 November, 1991.

19. The New Jersey Shore Protection Study was initiated to investigate shoreline protection and
water quality problems which exist along the entire coast. A common thread is the physical coastal
processes which affect both. Physical coastal processes are those mechanisms occurring in the coastal
zone which result in the movement of water, and littoral materials. It was demonstrated that existing
numerical data were insufficient to formulate long term solutions, especially in the vicinity of inlets,
with confidence.

20. The Limited Reconnaissance Phase of the New Jersey Shore Protection Study identified and
prioritized those coastal reaches which have potential Federal interest based on shore protection and
water quality problems which can be addressed by the Corps of Engineers (COE). The limited
reconnaissance study report was completed in September 1990, and recommended that a
reconnaissance phase study be conducted.

indicated that there was Federal interest in providing shore protection to Absecon Island and
therefore the report recommended that the necessary planning and engineering studies proceed to the
cost shared feasibility study.

22. Subsequently, the Feasibility Cost Sharing Agreement was signed and thevstudy initiated in
March 1993. The Absecon Island Interim Study is scheduled to be complete in December 1996. The
New Jersey Department of Environmental Protection (NJDEP) is the non-Federal cost sharing
sponsor.
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23. STATE. The State of New Jersey has been involved in providing technical and financial
assistance to its shore towns for decades. The State officially tasked the Department of
Environmental Protection (formerly The Dept. of Conservation and Economic Development) to
repair and construct all necessary structures for shore protection in the early 1940's (N.J.S. A 12:6A-
1). Anannual appropriation of one million dollars was established and maintained until 1977, Due
to extensive destruction and erosion of the shoreline from frequent severe storms, an additional $30
million was appropriated in 1977. In addition to initiating their own research and construction efforts,
the State of New Jersey also cost-shares portions of many Federal projects. In 1988 the State of New
Jersey funded the COE to perform economic benefit reevaluation studies of the Federally authorized
Brigantine Island and Absecon Island projects. This reevaluation determined that the previously
authorized projects were still justified utilizing current COE procedures, methodologies and policy
priorities.

24. The NJDEP has been involved in various areas of local shore protection along the coast of New
Jersey. The Division of Coastal Resources provides technical assistance to citizens, municipalities,
etc. Further, it regulates land use through the Coastal Zone Facility Review Act (CAFRA), the
Wetlands Act, and the Waterfront Development Act.

25. In 1978, the legislature passed a Beaches and Harbors Bond Act (P.L., 1978, ¢.187) and
instructed the NJDEP to prepare a comprehensive Shore Protection Master Plan in order to reduce
the impacts and conflicts between shoreline erosion management and coastal development. Released
in 1981, it has served as a guide to suitable alternatives for the mitigation of erosion and to develop
a list of priorities among the engineering plans. Efforts were begun in 1995 to revise the Master Plan.

26. After the Halloween Storm of 1991 devastated New Jersey's shoreline, $15 million was
appropriated as an amendment to the State's Economic Recovery Fund for Shore Protection. Soon
thereafter, the January 1992 storm struck, overwhelming the State's fiscal resources and prompting
a Presidential Disaster declaration.

27. The issue of providing stable funding for shore protection at the State level had been raised on
several occasions. The two storms during the winter of 1991-92 prompted a Governor's Shore
Protection Summit in February of 1992. As a result, the Shore Protection and Tourism Act of 1992
was passed which created the first ever stable source of funding for shore protection of at least $15
million annually.

28, Since 1985, the New Jersey Department of Environmental Protection has initiated several
projects in the study area. Many projects involve dredging of navigation channels and discharging
the material on beaches or in back bays. All of the projects under the authority of the State are
tailored to address specific small scale problems and are therefore less expensive than Federal shore
protection and navigation projects.

29. One such notable project is the construction of a stone revetment along Great Egg Harbor Inlet
at the southern end of Longport in the fall of 1993, In response to erosion of the beach south of the
11th Avenue groin, the existing revetment was rehabilitated with 8 to 9 ton weight rough
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quarrystone. The new revetment has a top width of 14 feet, a top elevation of +8.0 MLW. For more
information see the Erosion Control Structure Inventory section of this report.

30. MUNICIPAL. Municipalities along the coast of New Jersey have adopted various plans in
response to coastal erosion. Shore protection regulations, such as dune management are often left
tc the municipalities. Most municipal shore protection involvement concerns land management
policies and small erosion mitigation efforts.

31. Since 1985, three larger-scale municipal improvement projects have been constructed in the study
area. In the aftermath of the December 1992 storm, the Borough of Longport placed additional large
stone along their back bay shoreline to reduce flooding and wave attack. The City of Atlantic City
reconstructed portions of the bulkhead along Absecon Inlet. This new bulkhead is fronted by two
to three ton riprap for toe protection.

32. During the summer of 1995, Atlantic City installed approximately 6000 feet of 6' X 12' woven
polypropolene geotubes along portions of the oceanfront. When filled with sand, the geotubes act
as the core of a dune which protects the boardwalk and other beachfront structures. For more
information see the Erosion Control Structure Inventory section of this report.

33. PRIVATE. A great deal of private interest projects have taken place along the New Jersey Coast
in recent years. Like municipal projects, all private ventures which take place in navigable waters of
the United States and/or involve the placement of fill or structures in wetland areas must be approved
by the U.S. Army Corps of Engineers.

34, Private interests are generally involved in small projects which directly affect their coastal
property. In recent years, a great deal of marina and bay development activities have taken place.
This is a very strong indictor of the increase in population and land use along the coastline of New
Jersey. Unfortunately, because of the sporadic nature of private development, little is known
regarding the interrelation and effects these small projects have on coastal processes.

RELATED INSTITUTIONAL PROGRAMS AND COORDINATION

35. Study efforts have been coordinated with agencies and organizations involved in New Jersey
coastal problems including the US Environmental Protection Agency (USEPA), the Federal
Emergency Management Agency (FEMA), the National Oceanographic and Atmospheric
Administration (NOAA), New Jersey Department of Environmental Protection (NJDEP), New Jersey
Shore and Beach Preservation Association, US Fish and Wildlife Service, Rutgers University, Lehigh
University, Drexel University, Stockton State College, Atlantic County Planning Board, and the
Corps' Coastal Engineering Research Center.

36. Complementary work includes coastal water quality monitoring of Atlantic County by the
Atlantic County Department of Health. This work is being performed in cooperation with NJDEP.
The New Jersey Beach Profiling Network instituted by NJDEP and carried out by Stockton State
College provides yearly profiles for several areas in the study area. These efforts represent an
important addition of information to the Philadelphia District's studies of shoreline protection and
water quality.
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EXISTING CONDITIONS

SOCIO-ECONOMIC RESOURCES EVALUATION

37. DESCRIPTION OF THE STUDY AREA. Absecon Island is comprised of four communities;
Atlantic City, Longport, Margate and Ventnor, all of which are located within Atlantic County's 565
square miles. The study area is bordered by Absecon Inlet to the north and Great Egg Harbor Inlet
to the south.

38. Atlantic County is the 6th least populated county within New Jersey with a total population of
224,327 year round residents in 1990, equalling only 2.5% of the state's permanent population.
Although Atlantic County covers 565 square miles, approximately three-quarters of the residents live
within five miles of the ocean. Early development along these beach front communities are currently
causing slow growth trends to occur within the study area's boundaries. Despite these slow growth
rates, over 85% of seasonal residents in Atlantic County are concentrated in the island communities
of Atlantic City, Brigantine, Longport, Margate, Ventnor and the backbay communities of Absecon,
Linwood, Northfield and Somers Point.

39. These communities rely heavily on the tourist industry for their economic stability. Although
South Jersey is largely responsible for supporting the "Garden State" image, 62.9% of Atlantic
County residents depend on service and sale oriented companies while only 0.42% of the work force
is employed in farming, fishing or forestry.

40. Atlantic City. Within the county, Atlantic City is the most heavily developed community with
a population of 40,199 year-round residents in 1980 and 3,347.71 people per square mile accounting
for 2/3 of the study area's popuiation. Between 1980 and 1990 however, Atlantic City experienced
a decline of 5.6% lowering the population to 37,986 (see table 2). The population is expected to rise
to approximately 40,450 by the year 2000 (see table 3).

41, New development has slowed over recent years. In 1991 only one new privately owned housing
unit was authorized by building permits in comparison to the 39 units authorized in 1990. This is
largely due to the lack of vacant land as only 6% of the total property was vacant in year 1993.
Unlike the majority of the study area, Atlantic City is heavily commercialized composing 76.8% of
the tax base with only 14.28% residential. Atlantic City's beaches are primarily lined with commercial
buildings such as hotels, casinos, and shops, while Longport, Margate and Ventnor remain mostly
residential.

42. The casinos have helped make the Atlantic City boardwalk famous while helping to attract a total
of 3.2 million visitors in 1993 aione. Not only have the casinos helped the city bring in needed tourist
related jobs, but they have also helped to rebuild the neighboring communities by forming an
organization called the Casino Reinvestment Development Authority (CRDA). In conjunction with
the CRDA, Atlantic City has planned a $42 million housing rehabilitation program, which began
construction in October 1993. The program will provide 198 housing units on a 15 acre track of land
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in the Inlet section of Atlantic City. Construction cost per unit is approximately $170,000, however
subsidies from the CRDA will allow qualified residents to purchase the townhouses at a selling price
between $70,000 and $80,000 placing it within range of the median value for single homes which
was $73,400 in 1990.

43. This development represents the second phase of a $500 million redevelopment of the North-East
inlet which is expected to be complete within approximately 10 years. The program will result in
2,500 new or rehabilitated housing units, commercial space and recreational areas. These renovated
homes will be a great help to a city that has one of the highest unemployment rates along the Jersey
shore. Atlantic City had a median household income of only $20,309 in 1989 and an unemployment
rate of 5.5% with 9,208 people living below the poverty line, accounting for almost 25% of the
residents.

44, The third phase of the CRDA redevelopment plan involves the construction of low-rise
(townhouses) and mid-rise (approximately 100-150 units) residential structures in three tax blocks
located along the Inlet frontage. CRDA has acquired the necessary property, performed site
remediation, and expects construction to begin in 1996. Another major component of the Inlet
renewal effort is the development of the Maine Avenue County Park. The park will extend from the
waters edge to New Hampshire Avenue, a recently improved major access road. It will include ample
landscaping, a pavilion, and parking area with a cove, and passive waterfront park at the waters edge.

45, The city is also planning to build a new convention center directly off the Atlantic City
Expressway, and plans to have a water and amusement ride theme park serve as a gateway corridor
between the new convention center and the casinos (Bally's, Caesars, and Trump Plaza). While this
new development is largely on the bay, it may impact our study area by bringing more visitors to the
beach.

46. Ventnor. To the south of Atlantic City is Ventnor, a resort city with a boardwalk and
approximately 1.5 square miles of public beach which nearly 28,000 summer residents came to enjoy
in 1993 (ssee table 2). Ventnor's population has also declined over the past decade by approximately
6% to 11,005 in 1990. It is projected that population will continue to decline by 5% until the year
2000 to a total of 10,418 (see table 3).

47. Because of the town's proximity to Atlantic City, Ventnor is also very highly developed, with a
total of 5,135 residents per square mile. In 1991 there were only three building permits issued for
single family units compared to 27 permits authorized in 1989. The community is primarily residential
with only 2 industrial complexes and 141 commercial lots within the city's boundaries.

48. Along the boardwalk are several high rise condominium complexes and hotels. However,
traveling south away from Atlantic City, the area becomes more residential with single family homes
along the beach-front rather than commercial lots. The median value of a single family home was
$137,700 in 1990, almost twice the value of residential homes in Atlantic City.

49. Margate. Bordering Ventnor to the south is Margate. Unlike Ventnor and Atlantic City,



22

Margate is more of a residential community. Margate encompasses 1.41 square miles of land.
Neither Margate nor Longport have boardwalks, however all of their beaches allow public access.
The beach front is almost entirely residential with only a few commercial and public buildings,
including a senior citizens center and a public library. There are 6,726 total housing units, of which
45% are owner occupied. The median value for single family homes is $176,800 while median rent
is $564.

50. Population has consistently declined over the last 30 years from 10,576 permanent residents in
1970 to only 8,431 in 1990 (see table 2). This trend is expected to continue into the year 2010 when
it will fall to 7,315 (see table 3).

51. Like all of the cities in the study area Margate is a primarily service oriented labor force. Out
of 4,563 civilian employees, 53% are service oriented with only 0.15% in the farming, fishing and
forestry industry. The median income per household in 1989 was $40,649 with only 286 residents
living below the poverty line (see table 4).

52. Longport. The southernmost town in the study area is Longport which lies between Margate
and Great Egg Harbor Inlet. Longport is a small, quiet, residential community. The median age is
58.4 years and more than half of the residents are retired. There are no boardwalks or amusement
parks to attract the younger crowd, however there are approximately 1.24 square miles of public
access beaches which bring in nearly 6,000 summer residents and 1,224 year-round residents (see
table 2).

53. There are 1,537 housing units with a total of 1,058 single family units and 479 multi-family units.
The borough is almost completely developed with only 5% of the land remaining vacant for future
development. The study area is primarily zoned for residential single family units, however there is
one commercial lot and one multi-family unit along Beach Avenue. The median value for a single
family home was $201,800 in 1993.
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Table 2
POPULATION

NAME SUMMER POPULATION" 1990 POPULATION"

Atlantic County 360,132 224,327

Atlantic City ‘3.2 million visitors (annually) 37,986

| Longport 6,000 1,224

Margate 24,000 8,431

Ventnor 28,000 11,005
Notes:

1 Based on interviews with local officials.

2 The New Jersey Municipal Data Book 1994, consistent with the 1990 Census.

54. The Atlantic County Division of Economic Development projects that Atlantic County
population will increase by 9.7% between 1990 and 2000, and by 8.5% between 2000 and 2010.
Within Atlantic County Longport, Margate and Ventnor are expected to grow at slow rates, while

Atlantic City is expected to experience mild to moderate growth.

Table 3
PROJECTED POPULATION
1990 1995 2000 2005 2010

Atlantic

County 224,327 233,075 246,153 256,617 267,080

Atlantic City 37,986 38,972 40,450 41,696 42,941
| Longport 1,224 1,175 1,102 1,084 1,066

Margate 8,431 8,090 7,578 7,447 7,315

Ventnor 11,005 10,770 10,418 10,411 10,404
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Table 4
INCOME FOR 1989
NAME PER CAPITA MEDIAN MEDIAN PERSONS
INCOME HOUSEHOLD | FAMILY BELOW
INCOME INCOME POVERTY

Atlantic City

12,017 20,309 27,804 9,208
Longport 23,737 34,464 45,288 107
Margate 27,939 40,649 54,949 286
Ventnor 19,038 33,120 43,414 727

Source: The New Jersey Municipal Data Book 1994 published by the U.S. Census

REAL ESTATE

55. For purposes of this report and consistent with New Jersey riparian law, the shoreline is
synonymous with the mean high tide line. Areas upland of this line can be publicly or privately owned
while the tidelands are by defauit owned by the State, unless riparian rights are granted. Easements,
flood water retention, and storm damage assessment are principal reasons for determining shoreline
ownership in this study, therefore ownership will be defined as the upland beach property which has
frontage on the mean high water line.

56. The length of the shoreline for the 4 communities within the study area is approximately 8.3
miles. This total length is subdivided into three ownership categories: Public; which is 57.5 percent
of the total length, Private with public access, which is 42.5 percent of the total length and Private
with exclusive access which is zero percent. The ownership of beach front property for the cities and
boroughs of Absecon Island is shown in Table 6.

57. All beachfront areas are available for access by the general public for recreational purposes. The
underlying fee owners of the private areas have the right to restrict, prohibit or deny any commercial
enterprises on their property.
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TABLE §
SHORELINE OWNERSHIP FOR
: ABSECON ISLAND
LOCATION TOTAL PUBLIC PRIVATE PRIVATE
f/acreage ft/acreage W/Public Exclusive
Access fVacreage
Atlantic City 17,950/82 4,350/20 13,600/62 0/0
Ventnor 9,000/41 4,800/22 4,200/19 0/0
Margate 8,550/40 8,200/38 350/2 0/0
LOn&POl’t 8,400/38 7,900/36 500/2 0/0
TOTALS 43,900/201 25,250/116 18,650/85 0/0

58. The municipalities of Atlantic City and Longport are in compliance with the State of New Jersey
requirement that public access and easements have been obtained along their shorefronts to enable
them to be eligible for grants and/or funding associated with any future shore protection project.

GEOTECHNICAL EVALUATION

59. PHYSIOGRAPHY. The study area lies along the southern coast of New Jersey within the
Coastal Plain province of eastern North America. In New Jersey, the province extends from a line
through Trenton and Perth Amboy southeastward for about 150 miles to the edge of the continental
shelf. The land portion of the province is bounded on the northeast by Raritan Bay and on the west
and south by the Delaware Estuary. The submerged portion of the plain slopes gently southeastward
at 5 or 6 feet per mile for nearly 100 miles to the edge of the continental shelf. The surface of the
shelf consists of broad swells and shallow depressions with evidence of former shore lines and
extensions of river drainage systems. The most prominent of these valleys is the Wilmington Canyon,
which is an extension of the Delaware River drainage system off the southern portion of the New
Jersey coast. The Atlantic coastal shelf is essentially a sandy structure with occasional silty or
gravelly deposits. It extends from Georges Bank off Cape Cod to Florida, and it is by far the world's
largest sandy continental shelf.

60. About 85 percent of the shorefront of New Jersey consists of a chain of narrow barrier beaches
with elevations generally less than 20 feet above sea level. These beaches, each of which is a
minimum of 7 miles in length, are separated from each other by ten tidal inlets. The remaining
shorefront areas are where the sea directly meets the mainland; this occurs in a 19-mile reach of the
northern and a 3-mile reach of the southern end of the New Jersey coast.
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61. The New Jersey barrier beaches belong to a land form susceptible to comparatively rapid
changes. Between the barrier beach and the mainland, there is an expanse of tidal marshland and
water areas approximately 3 to five miles wide. The water areas include tidal lagoons or sounds, and
a network of winding thorofares draining the marshland.

62. The drainage system of the New Jersey coastal plain was developed at a time when sea level was
lower than at present. The subsequent rise in sea level has drowned the mouths of coastal streams.
The formation of the barrier beaches removed all direct stream connection with the ocean between
Barnegat Bay and Cape May. These streams now flow into lagoons formed in back of the barrier
beach and their waters reach the Atlantic Ocean by way of the tidal inlets through the barrier beaches.
The significance of these features of the drainage system to the probiem area is that the coastal plain
streams, which carry little sediment in their upper courses, lose that sediment in the estuaries and in
the lagoons, and thus supply virtually no beach nourishment to the ocean front.

63. SURFICIAL DEPOSITS. The entire portion of the coastal plain draining to the study area is
a sedimentary feature that developed under essentially the same set of conditions for a considerable
period of geologic time. The area is capped with almost entirely unconsolidated sediments of Tertiary
or more recent deposition. During Quaternary time, changes in sea level caused the streams
alternately to spread deposits of sand and gravel along drainage outlets and later to remove, rework,
and redeposit the matenal over considerable areas, concealing earlier marine formations. One of
these, the Cape May formation, consisting largely of sand and gravel, was deposited during the last
interglacial stage when sea level stood 30 to 40 feet higher than at present. The material was
deposited along valley bottoms, grading into the estuarine and marine deposits of the former shore
line. These deposits now stand as terraces along portions of the coast and form the mainland bluff
at Cape May. The barrier beaches being of relatively recent origin are composed of the same material
as the offshore bottom.

64. SUBSURFACE GEOLOGY. The Atlantic coastal plain consists of sedimentary formations
overlying a crystalline rock mass known as the "basement”. From well drilling logs it is known that
the basement slopes at about 75 feet per mile from the Fall Line to a depth of more than 6,000 feet
near the coast. Geophysical investigations have corroborated these findings and have permitted
determination of the profile seaward to the continental slope. A short distance offshore, the basement
surface drops abruptly but rises again gradually as the continental slope is approached. Overlying the
basement are semi-consolidated beds of lower Cretaceous sediments. These beds vary greatly in
thickness, increasing seaward to a maximum thickness of 13,300 feet then decreasing to 8,900 feet
near the edge of the continental shelf. On top of the semi-consolidated material lie unconsolidated
sediments of Upper Cretaceous and Tertiary formations. These materials, in relatively thin beds on
the land portion of the coastal plain, increase in thickness to a maximum of 4,800 feet near the edge
of the continental shelf.

SELECTION OF BORROW MATERIAL

65. OFFSHORE BORROW AREA INVESTIGATION. The Reconnaissance Study report identified
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several possible borrow areas for Absecon Island. In order to specifically identify sources of sand
for the Absecon Island feasibility study, a series of 15 vibracores was done. The vibracores were
collected by Alpine Ocean Seismic Survey, Inc. in the Atlantic Ocean off of the coast of New Jersey.
The samples were collected between 12 October and 27 October 1993. The desired depth of
penetration for the vibracores was 20 feet. The field work included positioning of the vessel using
a DGPS navigational system, obtaining continuous core samples and obtaining penetrometer records.
The field work was conducted aboard the "Atlantic Surveyor", a 110 foot offshore supply boat. The
vibracores were retrieved using a model 271B Alpine pneumatic vibracorer, with an air-driven
vibratory hammer. The field work was periodically inspected by Philadelphia District personnel.
Sieve analysis of the sediment retrieved in the vibracores was conducted by the Army Corps of
Engineers South Atlantic Division Laboratory (SAD Lab).

65a.  Through the use of maps and charts which show offshore bathymetry, plans and specifications
records for previous beachfill jobs, literature which included vibracore logs from previous
investigations, and coordinates for overboard disposal areas of dredged material, the three proposed
borrow areas in this report were identified. The three area identified as potential borrow sites include
all of the sites where large deposits of sand can be found. Identification of additional sites would
entail relatively large areas of potentially shallow bedded areas, resulting in the widespread
disturbance of surf clam habitat, which is unacceptable to the environmental interests. The Absecon
Inlet borrow area was initially identified since portions of this area had been mined previously for
beachfill. The Great Egg Harbor Inlet borrow area was initially identified due to the fact that a
portion of the ebb shoal was already in use supplying high-quality beachfill material for Ocean City,
N.J. The offshore borrow area was initially identified as a bathymetric feature (a shoal) which would
probably contain suitable beachfill material. The vibracores were then conducted for these areas to
obtain sediment samples for testing and suitability analysis. The vibracore samples verified the
suitability of sand within these three borrow areas for use as beachfill material for Absecon Island.
All three borrow areas were then designated as possible borrow sites for the Absecon Island project.
Once these areas were identified as sources of suitable beachfill material, environmental and cultural
investigations were completed. The environmental field investigations consisted of benthic sampling
and tows for surf clams. The results of these investigations indicated that the use of Absecon Inlet
borrow area would reduce the impacts to benthic and surf clam resources, as the offshore area and
Great Egg Harbor Inlet area have much higher densities of surf clams. To further lessen any impacts
to surf clams, the size of the Absecon Inlet borrow area was curtailed and it was decided that the
initial quantity of sand and the first few nourishment cycles would utilize this borrow site.

66. Beach Sampling. Two sets of beach samples were obtained on eight survey lines along the ocean
coast of Absecon Island (see figure 2). Not all survey lines were designated for beach sampling. A
distance of approximately one mile was used to determine the spacing between survey lines that were
to be sampled. The survey lines that were sampled are as follows: A-7, 84-A, 129-0102, 87-A, 88-
A, 89-A, 90-A and GE-2. Beach samples for both sets of sampling were collected at the following
locations along each survey line: dune base, mid-berm, mid-beach, berm crest, low tide, -6 MLW, -12
MLW, and -18 MLW.



28

BEACH PROFILE LINES

Figure 2



29

67. Borrow Area Investigation and Identification. Vibracore borings for borrow area identification
were done in three specific locations. The first location was Absecon Inlet, the second location was
offshore of Atlantic City, and the third location was Great Egg Harbor Inlet.

68. Vibracore Borings. The results of the vibracore investigation and analysis indicate that three
potential borrow areas exist for Absecon Island (see figure 3). The first potential borrow area is the
northern portion of Absecon Inlet. The second potential borrow area lies approximately 1 to 1-1/4
miles offshore of Atlantic City. The third area lies on a portion of the northern half of the Great Egg
Harbor Inlet ebb shoal. All areas contains large quantities of fine sand as identified by the sieve
analysis conducted by the SAD Lab.

69. Borrow Area Suitability Analysis. Ideally, borrow material should be the same size, or slightly
coarser than the native material on the beach to be nourished. If the borrow material has a
significantly smaller grain size, the profile will be out of equilibrium with the local wave and current
environment, and will therefore be quickly eroded either offshore or alongshore. This analysis
compares the native sediment characteristics to the borrow material characteristics. The analysis was
completed using the methodology put forth in the Shore Protection Manual. Overfill factors (Ra) and
renourishment factors (Rj) were calculated for each potential borrow area. The overfill factor
estimates the volume of fill material needed to produce one cubic yard of stable beach material after
equilibrium (when the beach and native materials are compatible) is reached. Consequently, overfill
factors are greater or equal to one. For example, an overfill ratio of 1.2 wouid indicate that 1.2 cubic
yards of borrow material would be required to produce 1.0 cubic yards of stable beach material. This
technique assumes that both the native and composite borrow material distributions are nearly log-
normal. The renourishment factor is a measure of the stability of the placed borrow material relative
to the native beach sand. Desirable values of the renourishment factor are those less than or equal
to one. For exampie, a renourishment factor of 0.33 would mean that renourishment using the
borrow material would be required one third as often as renourishment using the same type of
material that is currently on the beach.

70. Native Beach Characteristics. A composite beach grain size curve was developed for Absecon
Island. The native mean grain size for Absecon Island is 2.36 phi units (0.19 mm) and the standard
deviation in phi units is 0.82. This corresponds to a poorly graded or well sorted fine to medium
sand. The following tables summarize the results of the grain size analysis including overfill and
renourishment factors. The native beach conditions of a mean grain size of 2.40 phi units (0.19 mm)
and a standard deviation in phi units of 0.79 were used in determining the factors. These values
represent all of the beach samples with the exception of survey line A-7, which was located at the
Oriental Avenue jetty and was characterized by much coarser material than was found over the rest
of the island.
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Table 6

Vibracore Mean Grain | Standard Overfill Factor | Renourishment
Size in phi Deviation in (Ra) Factor (Rj)
M .
M) phi (O4)

NJV-135 2.86 0.88 2.0 1.7

NIV-136 3.18 0.71 8.0 3.0

NJV-138 3.42 0.58 Unstable

NJV-139 3.05 0.76 4.0 2.5

NIV-135, 136, 3.13 0.77 5.0 28

138, and 139

Composite

NJV-135, 138, 3.11 0.79 4.1 28

and 139

Composite

NIV-135, 138, 2.86 0.88 1.7 1.6

and 139

Composite

w/only

Longport

Beach

Characteristics
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Table 7
ABSECON INLET
Vibracore Mean Grain Standard Overfill Factor | Renourishment
Size in phi Deviation in phi | (Ra) Factor (Rj)
M) . (Od)
NJV-140 1.33 1.34 1.0 0.1
NJV-143 1.61 1.70 1.1 0.1
NJV-145 3.03 0.56 Unstable
NJIV-146 2.65 0.90 1.3 1.1
NJV-140, 143, 201 1.68 1.2 0.1
145, and 146
Composite
NJV-143, 145, and 224 1.72 14 0.1
146 Composite
Table 8
OFFSHORE OF ATLANTIC CITY
Vibracore Mean Grain Standard Overfill Factor | Renourishment
Size in phi Deviation in (Ra) Factor (Rj)
™M phi (0¢)
NIV-147 3.19 0.66 Unstable
NJV-148 2.94 0.74 3.6 2.1
NJV-149 3.28 0.78 7.0 3.1
NJV-150 2.9 0.88 3.0 2.0
NIV-151 2.72 0.92 1.7 1.4
NJV-152 2.59 0.87 1.2 1.2
NJV-148, 2.76 0.86 1.6 14
151, and 152
Composite
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71. Based on the information presented in the tables above, it appears that a borrow area in Absecon
Inlet (NJV-143, 145 and 146) could provide compatible sand with the least amount of overfill
(Ra=1.4) and the longest renourishment cycle (Rj=0.1). Another potential borrow area is located
approximately 1 to 1 1/4 miles offshore of Atlantic City (cores NJV-148, 151 and 152). However,
the use of this borrow area would require a larger amount of overfill (Ra=1.6) and would have a more
frequent renourishment cycle (Rj=1.4) than the Absecon Inlet borrow area. Using the Great Egg
Harbor Ebb shoal for beach fill (NJV-135, 138 and 139) would also require a larger amount of fill
than from the Absecon Inlet borrow area, however, this borrow area would be suitable to fill the
Longport area (Ra=1.6 and Rj=1.4).

72. The Absecon Inlet borrow area is approximately 345 acres in size and is estimated to contain
approximately 8.5 million cubic yards of sand. The borrow area offshore of Atlantic City is 218 acres
in plan view and contains approximately 6 mitlion cubic yards of sand. The Longport borrow area
is approximately 190 acres in size and is estimated to contain approximately 5 million cubic yards of
sand.

73. HAZARDOUS, TOXIC AND RADIOACTIVE WASTE ASSESSMENT. In accordance with
ER 1165-2-132 entitled Hazardous, Toxic and Radioactive Wastes (HTRW) Guidance for Civil
Works Projects, dated 26 June, 1992, the Corps of Engineers is required to conduct investigations
to determine the existence, nature and extent of hazardous, toxic and radioactive wastes within a
project impact area. Hazardous, toxic and radioactive wastes (HTRW) are defined as any "hazardous
substance" regulated under the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA), 42 US.C. 9601 et seq, as amended. Hazardous substances regulated under
CERCLA include "hazardous wastes" under Section 3001 of the Resource Conservation and
Recovery Act (RCRA), 42 U.S.C. 6921 et seq; "hazardous substances" identified under Section 311
of the Clean Air Act, 33 U.S.C. 1321, "toxic pollutants" designated under Section 307 of the Clean
Water Act, 33 U.S.C. 1317, "hazardous air poliutants” designated under Section 112 of the Clean
Air Act, 42 U.S.C. 7412, and "imminently hazardous chemical substances or mixtures" that EPA has
taken action on under Section 7 of the Toxic Substance Control Act, 15 U.S.C. 2606.

74. Land Use, Topography. About 85 percent of the shorefront of New Jersey consists of a chain
of narrow barrier beaches with elevations generally less than 20 feet above sea level. These beaches,
each of which is approximately 7 miles in length, are separated by ten inlets. The remaining
shorefront from Long Branch to Bay Head and that at Cape May Point Point, is mainland of much
earlier origin than the barrier islands.

75. The study area consists of the Absecon Island which is a barrier island and is bounded by
Absecon Inlet to the north and Great Egg Harbor Inlet to the south. The island contains the four
communities of Atlantic City, Ventor, Margate and Longport. Atlantic City is arguably the. most
heavily developed city on the New Jersey coast. The beachfront in Atlantic City is occupied by
extensive commercial development along a world famous boardwalk. Primary among the
development are the multimillion dollar casinos. The remainder of Absecon Island is also highly
developed but with more standard residential and commercial establishments generally found in a
beach community.
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76. Preliminary Assessment. An HTRW literature search was conducted for Absecon Island by HRP
Associates, Inc. for the U.S. Army Corps of Engineers Philadelphia District. The literature search
identified 17 documented or potential HTRW sites in the project area, all located on Absecon Island.
The 17 sites are listed below (see figure 4 for approximate locations):

SITE Potential/Documented HTRW
1) U.8. Coast Guard Station UST Leak
2) Captain Starn's Pier UST Leak
3) Vacant Lot UST Leak
4) American Oil Company Oil Terminal
5) World International Hotel UST Leak
6) Resorts Hotel & Casino UST Leak
N World Lafayette Hotel UST Leak
8) Offshore Area Documented OEW Area
9) Longport Marine Ground Water Pollution
18)  Caesar's Hotel & Casino UST Leak
11)  Bally's Casino UST Leak
12)  Religious Retreat House UST Leak
13)  Curtis Aero Station Former Plane Repair Facility
14)  Longport Shell Gas Station UST Leak
15)  Harrah's Marina Ground Water Pollution
16)  Atlantic City & Shore R.R. Former Train & Bus Repair Facility
17)  Clam Creek Reported Fuel Spills

77. The preliminary assessment was divided into two sections. Both sections independently
evaluated the impacts of the 17 potential HTRW sites listed above. The first section discusses the
impacts of the sites on potential offshore borrow areas. The second section evaluates the impacts of
the sites on construction which requires excavation (for example, bulkhead replacements, outfall
extensions and groin construction) that may take place on Absecon Island itseif.

78. Potential for Borrow Area Contamination. Three potential offshore borrow areas have been
identified for Absecon Island. These three borrow areas are Absecon Inlet, a linear shoal offshore of
Atlantic City, and the northem portion of Great Egg Harbor ebb shoal. A number of the sites listed
above can be eliminated due to the fact that 1) there are hydraulic "disconnects" between the mainland
and the borrow area (channels, inlets and general topography) and 2) no driving heads to propagate
the spread of contamination. The conclusion that groundwater is not a vehicle for contaminant
transport into the borrow areas can be drawn. As such, the above sites where groundwater is the
main method of contaminant transport can be eliminated (all sites except 8 and 17).
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79. The borrow area in Absecon Inlet is proximal to 17 - reported fuel spills in Clam Creek. The
method for contaminant transport in this instance would be the tide and currents. The sediments in
the borrow area are recent and are continually reworked by the offshore environment. As such it is
not believed that fuel spills in Clam Creek could have any significant impact on the sediment in
Absecon Inlet.

80. Lastly, the linear shoal offshore of Atlantic City is proximal to the reported location of the
ordnance-explosive waste site (8). In 1961, and at this location, the U.S. Navy lost an undetermined
amount of TNT charges in 27 feet of water. However, since the charges are not for underwater use
and the borrow area does not intersect the area of concern shown on NOAA chart 12318, site 8,
listed above can be eliminated from concern.

81. Potential for Contamination on Absecon Island. A number of potential HTRW sites were
documented on Absecon Island. However, all of the sites except one may be eliminated for various
reasons.

82. Sites 1,2, 4, 15 and 16 can be eliminated due to the fact that they are beyond the project's limits.
Sites $, 6, 7,9, 10, 11, 12, 13 and 14 can be eliminated due to the fact that the recommended plan
in proximity to these sites will not include excavation and as such the project would not affect any
HTRW . And lastly, sites 8 and 17 can be eliminated due to the fact that they are located offshore
and as such will not be affected by landbased construction.

83. Site 3 lies near the location of a new bulkhead on Absecon Inlet, which is proposed in the
selected plan. Therefore, site 3, which is curently a vacant lot with a leaking underground storage
tank (LLUST), was not eliminated from concern. However, excavation in this area will be minimal,
especially excavation below the ground water table, which is the medium for contaminant transport
in the area. For these reasons, site 3 will not be significantly impacted by a Corps of Engineers
project nor will it significantly impact upon a Corps of Engineers project on Absecon Inlet. If
necessary, innovative construction methods and other alternatives will be evaluated during
preparation of plans and specifications which will ensure that this site will be avoided and that it will
not impact the project.

ENVIRONMENTAL RESOURCES EVALUATION

84, AFFECTED ENVIRONMENT. Brigantine and Absecon Islands are separated from the
mainland by 3 to 5 miles of shallow bays which include small uninhabited islands, tidal marshes,
creeks and lagoons. The ground elevation of the islands is generally no more than 10 feet above mean
sea level. Absecon Istand is bounded by Absecon Inlet to the north and Great Egg Harbor Inlet to
the south. The island contains the four communities of Atlantic City, Ventnor, Margate, and
Longport. Both Brigantine and Absecon Islands front the Atlantic Ocean on their eastern boundaries
and have extensive coastal and estuarine wetlands on their western boundaries.

85. Absecon Iniet lies between Brigantine Island and Absecon Island and provides a navigable
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connection between the Atlantic Ocean and the harbor of Atlantic City and the New Jersey
Intracoastal Waterway. The inlet is extensively used by recreational and deep draft commercial craft
based behind Atlantic City. It is the most densely developed of the barrier beach islands along the
New Jersey coast.

86. Absecon Island, a barrier island which has been heavily developed as a residential and
recreational area, is characterized by estuarine intertidal emergent wetlands behind a marine intertidal
beach/bar. A large segment of the lands to the northwest of the barrier island are classified as a
backbay/coastal salt marsh system. Brigantine Island is much less developed and is primarily
classified as a marine intertidal beach/bar behind which are palustrine emergent, estuarine intertidal
and palustrine scrub-shrub wetlands. Common species of the beach and dune area on the barrier
island system include beach grass, sea-rocket, seaside goldenrod, poison ivy, groundsel-tree, and
marsh elder.

87. The backbays are comprised of open water, a low marsh zone, tidal flats, a high marsh zone, and
a transition zone. The low marsh zone is typically dominated by saltmarsh cordgrass. Tidal flats are
areas that are covered with water at high tide and exposed at low tide. They are important areas for
algal growth, as producers of fish and wildlife organisms, and as nursery areas for many species of
fish, mollusks and other organisms. Dominant species include sea lettuce and eelgrass. The high
marsh zone, which is slightly lower in elevation than the transition zone is dominated by saltmeadow
cordgrass and salt grass. This zone is typically flooded by spring high-tide. Plants typical of the
transition zone include both upland and marsh species including marsh elder, groundsel-tree,
bayberry, saltgrass, sea-blite, glasswort, poison ivy, and common reed.

88. WATER QUALITY. Through the State of New Jersey's Cooperative Coastal Monitoring
Program, coastal and backbay water quality is monitored by the Atlantic County Health Department
and Atiantic City Health Department. Ocean and bay stations are monitored once a week from May
to September for fecal coliform. According to the New Jersey Department of Environmentai
Protection (NJDEP) Surface Water Quality Standards (SWQS) NJAC 7:9 4.1, fecal coliform levels
for ocean areas are not to exceed 50 per 100 milliliters of sample (SWQS 50). For the bay areas,
fecal coliform concentrations are not to exceed 200 per 100 milliliters (SWQS 200). Eight sites in
Atlantic County are also analyzed for enterococci bacteria in an effort to quantify other bacterial
indicators of contamination. The following data is derived from the Coastal Cooperative Monitoring
Program Annual Reports, published by the Division of Water Resources, NJDEP.

89. In 1989, 28 ocean and 15 bay stations were monitored as part of this program. Of the 570 ocean
samples collected, 93 exceeded the SWQS 50 and 21 exceeded the primary contact criterion of 200
per 100 milliliters of sample (PCC 200). Thirty-six of the 272 bay samples exceeded the SWQS and
PCC 200. Excessive, continuous rainfall contributed to bacterial loading from storm water pipes into
the surf zone. Of the 466 samples collected from 26 ocean stations in 1988, 44 of the samples
exceeded the SWQS 50 and 4 exceeded the PCC 200. In addition, 218 bay stations were monitored
and 27 samples exceeded SWQS and PCC 200. In 1987, 587 ocean samples were collected and 83
samples exceeded SWQS 50 and 36 exceeded PCC 200. The ocean stations with geometric means
exceeding the SWQS were located in Atlantic City. Thirty-seven of the 183 bay samples collected



38

from 10 bay stations exceeded SWQS and PCC 200.

90. As a result of this monitoring program, recreational beaches may be closed if two consecutive
fecal coliform concentrations are above the PCC. From August 17 to 22, 1987, the entire Atlantic
City beach was closed due to contaminated water flow from storm water pipes discharging to the
ocean. Several possible sources of contamination into the storm sewer system were identified. In
1990, isolated beach closures occurred after rains. In contrast, 27 beach and 84 bay closings
occurred in 1992. Twenty-two of the beach closings occurred immediately following five days of rain
in August. Concentrations of fecal coliforms increase after rain due to the flushing effect of storm
water runoff. Excessive fecal coliform concentrations or suspected sewage pollution accounted for
26 of the 27 ocean beach closings and all of the bay beach closings in 1992. In comparison, 10 ocean
beach closings in 1991 were attributable to those causes. No closings due to floatable debris washups
were required in 1991 or 1992.

91. The results of the Coastal Cooperative Monitoring Program have indicated that direct storm
water discharge to the ocean and indirect discharge via tidal flow from the bay iniets can be correlated
with increased concentrations of fecal coliform at the program stations. Compounding the storm
water effect on backbay fecal coliform levels are bacterial loadings from illegal discharge of marine
sanitation devices on boats, the pressure of large animal populations, and the resuspension of
sediments by boat traffic and dredging.

92. Another indication of the water quality in an area can be derived from the State of New Jersey's
annual Shellfish Growing Water Classification Charts. Waters are classified as approved, special
restricted, seasonal or prohibited for the harvesting of shellfish. In general the poorest water quality
areas are located in the nearshore environment of the heavily populated Atlantic City and the backbay
harbors and thorofares where circulation and flow is restricted on either one or both ends. The near
shore waters from Absecon Inlet to Ventnor City are condemned for the harvest of oysters, clams and
mussels. The waters of Absecon Inlet are seasonal/special restricted. Seasonal areas are condemned
for the harvest of shellfish except during certain times while special restricted areas are condemned
for the harvest of shellfish except for further processing under special permit. The backbays
extending from Absecon Inlet to Great Egg Harbor Inlet are for the most part seasonal or special
restricted. A few isolated thorofares and harbors are classified as prohibited.

93. WETLAND RESOURCES. The study area encompasses both the barrier island and back
bay/coastal salt marsh systems. Absecon Island, a barrier island which has been heavily developed
as a residential and recreational area, is characterized by estuarine intertidal emergent wetlands behind
a marine intertidal beach/bar. A large segment of the lands to the northwest of the barrier island are
classified as a back bay/ coastal salt marsh system.

94. Common species of the beach and dune area on the barrier island system include beach grass
(Ammophila sp.), sea-rocket (Cakile edentula), seaside goldenrod (Solidago sempervirens), poison
ivy (R, radicans), groundsei-tree (Baccharis halimifolia), and marsh elder (Iva frutescens).

95. The back bays are comprised of open water, a iow marsh zone, tidal flats, a high marsh zone, and
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a transition zone. The low marsh zone is typically dominated by saltmarsh cordgrass (Spartina
alterniflora). Tidal flats are areas that are covered with water at high tide and exposed at low tide.
They are important areas for algal growth, as producers of fish and wildlife organisms and as nursery
areas for many species of fish, molluscs and other organisms. Dominant species include sea lettuce
(Ulva lactuca) and eelgrass (Zostera marina). The high marsh zone which is slightly lower in
elevation than the transition zone is dominated by saltmeadow cordgrass and saltgrass (Distichlis
spicata). This zone is typicaily flooded by spring high-tides. Plants typical of the transition zone
include both upland and marsh species including marsh elder (Iva frutescens), groundsel-tree (B.
halimifolia), bayberry (Myrica spp.), saltgrass (D. spicata), sea-blite (Sueda maritima), glasswort
(Salicornia spp.), poison ivy (R. radicans), and common reed (P. australis).

96. FISHERY RESOURCES. A study, conducted from March to December 1977 by John F.
McClain and presented in "Studies of the Back Bay Systems in Atlantic County," indicates that the
back bays of the Atlantic City area provide a high quality habitat for many species of fish. Fifty-nine
species of fish, including bay anchovy (Anchoa mitchilli), weakfish (Cynoscion regalis), spot
(Leiostomus xanthurus), windowpane (Scophthalmus aquosus), red hake (Urophycis chuss), winter
flounder (Psuedopleuronectes americanus), small mouth flounder (Etropus microstomus), oyster
toadfish (“)psanus tau) and Atlantic silverside (Menidia menidia), were among the species utilizing
this habita:. The fish species caught in the back bays during this study are summarized in Table 9.

97. Sampling was conducted by gill, seine and trawl. The bay anchovy was present at all trawl
stations and dominant in six of them while the seine samples were dominated by the Atlantic sitverside
at all stations except one. The fish species and their relative abundance were found to be similar to
those reported in studies for Great Bay and Brigantine National Wildlife Refuge, now the Forsythe
National Wildlife Refuge, (Icthyological Associates, 1974 and 1975), and the Delaware Bay (Daiber,
1974). The five most abundant species were Atlantic sitverside, bay anchovy, spot, mummichog (3%)
and striped killifish (1%).

98. During a 1977 ichthyoplankton study, conducted by Peter Himchak and presented in "Studies
of the Back Bay Systems in Atlantic County", twenty species of larval and young finfish were found
to utilize the backbays in the vicinity of Atlantic City as a nursery area. These include species
endemic to estuaries as well as marine species that utilize the back bays as nursery grounds. Over 80
percent of the catch was comprised of members of the Gobiidae and Engravlidae Families.
Approximately 15 percent of the total catch was comprised of naked gobies (Gobiosomsa bosci),
Northern pipefish (Syngnathus fuscus), weakfish (Cynoscion regalis), and bay anchovies (Anchoa
mitchilli).

99. From 1972 to 1975, an intensive ecological study was conducted for the proposed Atlantic
Generating Station (U.S. Fish and Wildlife Service, 1991). Trawl surveys between Holgate Peninsula
and the Brigantine Inlet collected 69 species in 1972, and 76 species in 1973 and 1974. The most
abundant fish taken for all years included bay anchovy (Anchoa mitchilli), red hake (Urophycis chuss),
windowpane flounder (Scophthalmus aquosus), weakfish (Cynoscion regalis), spotted hake
(Urgphycis regia), and silver hake (Merluccius bilinearis).



Species

Haddock
Mummichog
American Sand Lance
Black sea bass
Northern pipefish
White Hake

Spot

Striped sea robin
Weakfish

Winter flounder
Striped killifish
American eel
Northern sea robin
Smallmouth flounder
Striped mullet
Striped anchovy
Atlantic menhaden
Spotted hake
Northern stingray
American shad
Banded killifish
Threespine sticklebak
Permit

Crevalle jack
Fourspine stickleback
Orange filefish
Pollock

Bay anchovy

Cunner

Northern puffer
Smooth dogfish
Striped cusk eel
Summer flounder
Windowpane
Atlantic roasker

Red Hake

Blueback herring
Lookdown
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Table 9.

Fish Species Caught in the Back Bays of Atlantic City

March-December 1977.

Scientific Name

Melanogrammus aeglefinus

Fundulus heteroclitus
Ammodytes americanus
Centropristis striata
Syngnathus fuscus
Urophycis fenuis
Leiostomus xanthurus
Prionotus evolans
Cynoscion regalis

Psuedopleuronectes americanus

Fundulus majalis
Anguilla rostrata
Prionotus carolinus
Etropus microstomus
Mugil cephalus
Anchoa hepsetus
Brevoortia tyrannus
Urophycis regius
Dasyatis sp.

Alosa sapidissima
Fundulug diaphanus
Gasterosteus aculeatus
Trachinotus falcatus
Caranz hippos

Apeltes quadracus
Aluterus schoepfi
Pollachius virens
Anchoa mitchilli
Tautogolabrus adspersus
Sphoeroides maculatus
Mustelus canis

Rissola marginata
Paralichthys dentatus
Scophthalmus aquosus .
Micropogon undulatus
Urophycis chuss

Alosa aestivalis

Selene vomer
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Oyster toadfish Opsanus tau

Striped burrfish Chilomycterus schoepfi
Bluefish Pomatomus saltatrix
Alewife Alosa pseudoharengus
Hardtail Caranx crysos
Hogchoker Trinectes maculatus
White perch Morone americana
Atlantic silverside Menidia menidia
Sheepshead minnow Cypinodon variegatus
White muilet Mugil curema

Naked goby Gobiosoma bosci

100. One hundred seventy-eight species of saltwater fishes are known to occur in waters of the
nearby Peck Beach. Of these, 156 were from the nearshore waters. Of the 124 species recorded in
nearby Great Egg Harbor Inlet, 28 are found in large number in offshiore waters.

101. BENTHIC INVERTEBRATE RESOURCES. The diversity and composition cf benthic
communities are often reliable indicators of the overall quality of any particular habitat for supporting
life (N.J. Bureau of Fisheries, 1979). Extensive shellfish beds, which fluctuate in quality and
productivity are found in the back bays and shallow ocean waters of the study area. Surf clams
(Spisula solidissima) are found offshore the barrier islands along with hard clams (Mercenaria
mercenaria), blue mussel (Mytilus edulis) and biue crab (Callinectes sapidus). Since many of these
animals are filter feeders and tend to bioaccumulate toxins and bacteria within their systems, bivalves
are often used as indicators of water quality. Indications of this can be seen when shellfish areas are
closed or have restricted harvests. In areas where this occurs, there are generally water quality or
pollution problems associated with the closings.

102. Of'the 83 species of benthic invertebrates identified in the vicinity of Atlantic City during a 1976
study, 15 were molluscs, 28 were crustaceans, 35 were polychaetes, and 5 were from other groups.
Ampelisca abdita, an amphipod, was the dominant species and occurred at all stations. Dominant
polychaetes included Streblospio benedicti, Scoloplos fragilis, and Polydora ligni.

103. The waters behind Absecon Island and in the vicinity of Absecon Inlet are seasonal or special
restricted. In special restricted areas, the waters are condemned for the harvest of oysters, clams, and
mussels except harvesting for further processing may be done under special permit from the New
Jersey Department of Environmental Protection. Licensed clammers are allowed to relay clams to
Great Bay where they cleanse themselves in its purer waters. At the northern half of the island, the
waters are classified as prohibited and are condemned for the harvest of oysters, clams, and mussels
from the shoreline to a distance between 0.25 miles and 2 miles. Most of Little Bay, Grassy Bay, and
Reed Bay, except for isolated areas, are approved for shellfish harvest.

104. The hard clam is the most economically important shellfish of the back bays, supporting both
commercial and recreational fisheries (N.J. Bureau of Fisheries, 1979). Although data on exact
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locations and densities of adult hard clams within the project area is limited, they are known to be
found in the intertidal and subtidal zones of bays and lower estuaries. A hard clam survey conducted
in 1990 found areas with moderate (0.20 - 0.49 clams/sq. ft.) to high densities (> 0.50 clams/sq. ft.)
in the areas behind Brigantine Island (Joseph, 1990).

105. In addition to supporting some of the best hard clam resources in the State, the bays in the
project area also support other species of shellfish (N.J. Bureau of Fisheries, 1979). American oysters
are not usually present in commercially harvestable densities but can be found throughout the project
area. Soft clams and blue mussels are primarily harvested for recreation, but occasionally commercial
densities are present (Fish and Wildlife, 1991).

106. Surf Clams. The surf clam fishery supports the largest molluscan fishery in New Jersey,
accounting for, by weight, 52% of the State's total molluscan commercial landings in 1993. This
catch represents over 85% of the total Mid-Atlantic area catch for 1993, with a value of over 21
million dollars (N.J. Bureau of Shellfisheries, 1994).

107. A study conducted from July, 1989 to June, 1990 surveyed the standing stock of surf clams in
New Jersey (Ward, 1990). This study investigated size composition, abundance, and recruitment
within the New Jersey surf clam population. In 1989, the harvest zones between Barnegat Inlet and
Absecon Inlet were estimated to contain over 3 million bushels of surf clams, or 40% of the state's
standing stock (Fish and Wildlife, 1991).

108. According to data from New Jersey's Bureau of Shellfisheries 1993 annual surf clam inventory
project, the total surf clam standing stock for New Jersey territorial waters was 12,195,000 bushels.
This number represents a decrease of 775,000 bushels from 1992. Surf clam harvest records indicate
that most of the harvesting activity (42%) in New Jersey occurred in the middle mile between
Absecon Inlet and Barnegat Inlet. During the 1993-1994 season, over 600,000 bushels of surf clams
were harvested (N.J. Bureau of Shelifisheries, 1994).

109. The area between Little Beach and Absecon Iniet from the surf to one nautical mile off-shore
has been designated a conservation zone by the Surf Clam Advisory Committee. This joint committee
was formed by the N.J. Bureau of Shellfisheries and representatives of the commercial surf clam
industry to determine harvesting regulations. No surf clam harvesting is allowed within a
conservation zone in order to promote recruitment and growth of current stock (U.S. Fish and
Wildlife Service, 1991).

110. BENTHIC SURVEYS OF MACROINVERTEBRATES. The nearshore and offshore zones
of the New Jersey Coast contain a wide assemblage of invertebrate species inhabiting the benthic
substrate and open water. Invertebrate phyla existing along the coast are represented by Cnidaria
(corals, anemones, jellyfish), Platyhelminthes (flatworms), Nemertinea (ribbon worms), Nematoda
(roundworms), Bryozoa, Mollusca (chitons, clams, mussels, etc.), Echinodermata (sea urchins, sea
cucumbers, sand dollars, starfish), and the Urochordata (tunicates).

111. The diversity and composition of benthic communities are often reliable indicators of the overall
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quality of any particular habitat for supporting life (New Jersey Bureau of Fisheries, 1979). Benthic
macroinvertebrates are those dwelling in the substrate (infauna) or on the substrate (epifauna).
Benthic invertebrates are an important link in the aquatic food chain, and provide a food source for
most fishes. Various factors such as hydrography, sediment type, depth, temperature, irregular
patterns of recruitment and biotic interactions (predation and competition) may influence species
dominance in benthic communities. Benthic assemblages in New Jersey coastal waters exhibit
seasonal and spatial variability. Generally, coarse sandy sediments are inhabited by filter feeders and
areas of soft silt or mud are more utilized by deposit feeders.

112. Sampling associated with the proposed Atlantic Generating Station used clam dredges, traws,
and grab samples to survey the species composition, abundance, weight, and distribution of benthic
macroinvertebrates in the vicinity of the Mullica River estuary, Great Bay, Little Egg Inlet, and the
ocean from Brigantine Island to Long Beach Island and 5 miles seaward (Milstein and Thomas,
1976). Over 250 macroinvertebrate species were collected during these surveys. These species
included: Aricidea jeffreyssi (paraonid polychaeta), Spiophanes bombyx (spionid polychaeta), Tellina
agilis (tellinid bivalvia), Mediomastus ambiseta (capitellid polychaeta), Nephtys picta (nephtyid
polychaeta), Unciola irrorata (aorid amphipoda), Paranaitis speciosa (phyllodocid polychaeta), Nucula
proxima (nuculid bivalvia), and Ensis directus (solenid bivaivia).

113. In 1979, the NJ Bureau of Fisheries conducted a benthic study in the inlets from Great Bay to
Great Egg Harbor Inlet to inventory benthic organisms and the composition of the sediments in which
they lived. The resulting report discussed the relationship of the organisms to sediment composition
as well as the condition of benthic communities in specific substrates. Although some species
association was found with certain sediment types, no strong correlations between species diversity
and density, and sediment composition were found (Fish and Wildlife Service, 1991).

114. In October 1994, a benthic-sediment assessment focusing on infauna species was conducted in
the proposed offshore sand borrow sites located in Absecon Inlet and offshore of Absecon Inlet to
establish a baseline for the benthic macroinvertebrate assemblages within the proposed borrow site.
Other objectives were to identify the presence of any commercial and/or recreationally important
benthic macroinvertebrates, and to identify the presence of ecologically important benthic
communities within the proposed sand borrow sites. Five control areas were situated around the
proposed sand borrow site "A" (Absecon Inlet) and three around borrow site "B" (offshore area) to
offer comparisons with the data. Sample locations in relation to the proposed borrow site can be seen
in Appendix A. The sediments inhabited by the benthic community were very sandy, with sand
fractions ranging from 82.1 to 99.8 percent in area "A" and from 73.4 to 99.9 percent in area "B".
Sediments from area "A" varied from poorly sorted to very well sorted. Proposed borrow area “B"
sediments varied from moderately well sorted to very well sorted (Battelle Ocean Sciences, 1995).

115. The results of the benthic sampling from the 38 sample locations reveal that borrow area "A"
is characterized by relatively low infaunal abundance (mean, 990 individuals/m?) and low species
diversity. Characteristic organisms included haustoriid amphipods, particularly Acanthohaustorius
millsi and Protohaystorius sp. B. The archiannelid worm Polygordius was rare in this proposed
borrow area. Area "B" was characterized by relatively high infaunal abundance (mean, 1700
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individuals/m?) and low species diversity. Characteristic organisms in this area included Polygordius
and Protohaustorius sp. B. This study also discovered the presence of the Atlantic surfclam Spisula
solidissima at mean densities of about 10-20 individuals/m?.

116. Total macrofaunal abundance per station in area "A" ranged from 20 individuals/0.1 m® at three
stations to 260 individuals/0.1 m® at one station. Mean total abundance within borrow area "A" was
99 (+ 36) individuals/0.1 m®>. The contribution of major taxinomic groups varied within this area.
Arthropods were the predominant component of 13 stations, contributing between 67 and 94% of
the individuals present at those stations. Annelid worms were the most numerous major taxon at
three stations, ranging from 47-52% of the individuals present. The abundance of the selected taxa
within the areas sampled can be seen in Appendix A.

117. Differences in methodology between the present study and some published studies make direct
comparison of results inappropraite. However, general comparisons are useful. Total infaunal
abundance found during this study may be roughly compared to that found for an offshore sandy area
near Delaware Bay. The abundance recorded for this study (approximately 1400 to 1600
individuals/m?) are higher than those reported by Maurer et al. (1979) for Hen and Chicken Shoals.
They reported abundances ranging from about 100 to 700 individuals/m” for stations located at depths
similar to those occurring in the Absecon Inlet Area. Samples studied by Maurer et al. (1979) were
rinsed over a 1.0-mm mesh sieve while the Absecon samples were rinsed over a 0.5-mm sieve, thus
abundances would be expected to be lower. The relative importance of haustoriid amphipods in the
benthic communities in the Absecon Inlet area mirrors that found by Maurer et al. (1979). Maurer
et al. (1979) also noted that species of haustoriids generally differed in their distribution relative to
the shoreline. Acanthohaustorius millsi typically occurred in the nearshore area, while Parahaustorius
longimerus occurred further offshore. In the Absecon Inlet areas, both species characterized
relatively nearshore stations, while Protohaustorius sp B characterized offshore stations (Battelle
Ocean Sciences, 1995). The complete benthic analysis can be found in Appendix A.

118. Since the time of the 1994 benthic sampling, another borrow area was added as a potential
source of sand for this beachfill. This potential borrow area is located just offshore of Great Egg
Harbor Inlet. In addition, another 76 acres were added to area "A" since the original benthic surveys
were done. For this reason, a second round of benthic sampling was conducted for these areas in
October 1995, In addition to the benthic surveys, a surf clam survey was done for all three potential
borrow areas.

119, Surf Clam Surveys. During the 1995 sampling, 13 stations were sampled within the proposed
borrow areas as well as the surrounding areas. The results of this benthic analysis indicate a relatively
low species richness in both borrow areas with the mean number of species not exceeding 11 in either
borrow area. No significant differences were found between the borrow areas, between the borrow
areas and the nearshore reference areas, or between the borrow areas and the Bight Apex area which
was used as a reference (Versar, 1996). The abundance of species within the borrow areas was also
relatively low, less than 2,000/m® Again, no statistically significant differences were detected
between the borrow areas or between the borrow areas and the nearshore reference area. Total
abundance in the Bight Apex area was significantly greater than in the borrow areas, by a factor of
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17 to 40 (Versar, 1996). The difference is mostly due to a large abundance of a bivalve and two
polychaetes in the Bight Apex area. These species are Nucula annulata (3,970/m?), Polygordius spp.
(13,006/m’) and Prionospio steenstrupi (5,046/m?).

120. The Versar report concluded that, except for the presence of surf clams, no significant attributes
of the benthic community at the proposed borrow areas favor the selection of one borrow area over
another. Also, measures of benthic community condition did not vary substantially between the
proposed borrow areas and any of the reference sites in a way that would preclude the use of the
areas.

121. The surf clam survey was conducted using a commercial hydraulic clam dredge equipped with
a 72 inch knife to determine the abundance of clams in each borrow area. The areas were surveyed
by conducting 3 five-minute tows within each proposed borrow area. The results of these tows
indicate that commercially harvestable quantities of clams exist within these areas. The highest
concentration was found in area "B", where between 25 and 50 bushels of clams were collected
during the 5-minute tows. The average number of clams per bushel was 156. The Great Egg Harbor
borrow area "C", had numbers ranging from 11 to 40 bushels per tow, with an average of 232 clams
per bushel. Potential borrow area "A" produced between 15 and 23 bushels per tow with an average
of 145 clams per bushel (Versar, Inc., 1995).

122. WILDLIFE RESOURCES. Marsh complexes along the New Jersey coast provide a valuable
nesting habitat for the seabird population, including the common tern (Sterna hirundo). Common
species occupying dredged material disposal areas, especially older sites that have been revegetated,
are the least terns (Sterna albifrons), great black-backed gulls (Larus marinus), herring gulls (Larus
argentatus), and the gull-billed terns (Gelocheliodon nilotica) who seek out those sites that have
reverted to saltmarsh. Since the least tems are limited to a sandy substrate, unvegetated dredged
material islands provide an alternative to barrier island beach habitats. Common terns occupy marsh
habitats almost exclusively while the laughing gulls are found on both marsh and disposal sites.
Although extensive development and disturbance of the natural conditions of the barrier islands has
made this habitat the least utilized, wading birds, such as the great egrets (Casmerodius albus),
black-crowned night herons (Nycticorax nycticorax), and yellow-crowned night herons (Nyctanassa
violacea), are known to inhabit the barrier islands. Snowy egrets (Leucophoyx thula), glossy ibis
(Plegadis Falcinellus) and little blue herons (Florida caerulea) occupy dredged material islands. The
wading birds will typically arrive in mid-March and remain until mid-fall, when they travel south.

123. The New Jersey coast in the vicinity of the study area is also known as an important wintering
ground for a number of waterfowl species. Species include the Atlantic brant (Branta bernicla), black
duck (Anas rubripes), Canada goose (Branta canadensis), snow goose (Chen hyperborea), widgeon
(Marela americana), scaup (Aytha spp.) and scoter (Melanitta spp.). Over 35 percent of the Atlantic
Flyway American black duck (A. rubripes) wintering population utilizes the coastal marshes of New
Jersey.

124. A’ 1989 survey of the Atlantic coast of New Jersey found 14 species of colonial waterbirds
nesting in 39 separate colonies in the Reeds Bay/Absecon Bay area. The survey noted that
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black-crowned and yellow-crowned night heron populations have declined in the last decade, while
egret, ibis, and gull populations have remained stable or increased (U.S. Fish and Wildlife Service,
1991).

125. Several species of marine mammals, such as the harbor seal (Phoca vitulina), grey seal
(Halichoerus grypus), ringed seal (P. hispida), harp seal (P. groenlandica), and hooded seal
(Cystophora cristata), are occasionally seen in the bay areas between December and June.
Bottle-nosed dolphin (Tursiops truncatus) are commonly seen in Absecon Inlet in the summer, while
striped dolphin (Stenella coeruleoalba) and harbor porpoise (Phocoena phocoena) are occasionally
observed in the spring. Other marine mammals that occur in the area include right whale (Balaena

glacialis), pilot whale (Globicephela macrorhynchus), pygmy sperm whale (Kogia breviceps), Atlantic
white-sided dolphin (Lagenorhynchus acutus), and Risso's dolphin (Grampus griseus).

126. According to studies conducted at the Forsythe National Wildlife Refuge, mammals occurring
along streams and on the marsh near woodlands, in and around the study area, include the opossum
(Didelphia marsupialis), shorttail shrew (Blarina brevicauda), least shrew (Cryptotis parva), starnose
mole (Condylura cristata), and masked shrew (Sorex cinereus). Bat species sighted along
watercourses and in wooded areas include the little browr bat (Myotis lucifugus), silver-haired bat
(Lasionycteris noctivagans), Eastern pipstrel (Pipistrellus subflavus), big brown bat (Eptescius
fuscus), and red bat (Lasiurus cinereus). Upland fields and woodlands support the Eastern chipmunk
(Tamias striatus), Eastern cottontail (Sylvilagus floridanus), various mice and vole species, muskrat
(Ondatra zibethicus), raccoon (Procyon lotor), longtail weasel (Mustela frenata) and mink (Mustela
vison). In addition, gray fox (Urocyon cinereoargenteus) and river otter (Lutra canadensis) have been
identified on colonial seabird islands.

127. A number of upland and fresh water species of reptiles and amphibians occur in the study area.
Common reptiles include the following turtles and snakes: the snapping turtle (Chelydra serpentina),
stinkpot (Sternothaerus odoratus), Eastern mud turtle (Kinosternos subrubum), Eastern box turtle
(Terrapene carolina), diamond back terrapin, Eastern painted turtle (Chrysemys picta), northern
watersnake (Natrix sipedon), Eastern garter snake (Thamnophis sirtalis), Northern black racer
(Coluber constrictor), and Northern redbellied snake (Storeria occipitomaculata). The redbacked
salamander (Plethodon cinereus), four-toed salamander (Hemidactylium scutatum), Fowler's toad
(Bufo woodhousei), Northern spring peeper (Hyla crucifer), New Jersey chorus frog (Pseudarcrus
triseriata), green frog (Rana utricularia), and Southern leopard frog (Rana pipiens) are all common
species of amphibians found in the area.

128. ENDANGERED AND THREATENED SPECIES. Federally designated endangered and
threatened species found within the study area include the endangered bald eagle (Haliaeetus
leucocephalus), peregrine falcon (Falco peregrinus), Kemp's Ridley turtle (Lepidochelys kempii),
hawksbill turtle (Eretmochelys imbricata), leatherback turtle (Dermochelys coriacea) and the
threatened piping plover (Charadrius melodus), green turtle (Chelonia midas), and loggerhead turtle
(Caretta caretta). Peregrines utilize coastal beaches and salt marshes within the study area extensively
during-migration, and to a lesser extent in summer and winter. Migrating and overwintering bald
eagles utilize the study area's coastal marshes where they feed on waterfowl. However, no eagles are
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known to nest in the area. The highest plover use occurs on the southern tip of Brigantine Isiand
along Absecon Inlet, and the adjacent ocean-front beaches.

129. A number of Federal or State endangered or threatened species may occur in the vicinity of the
study area. Eleven threatened or endangered bird species may occur within the study area. The State
endangered species occurring in the Atlantic City area include osprey (Pandion haliaetus), least tern
(Stema albifrons), and black skimmer (Phynchops nigra). The Federally endangered peregrine falcon
(Falco peregrinus), and bald eagle (Haliaeetus leucocephalus), along with the State endangered
Cooper's hawk (Accipiter cooperi) are migrant species. The State threatened species include marsh
hawk (Circus hudsonius) and short-eared owl (Asio flammeus) as winter residents, the pied-billed
grebe (Podilymbus podiceps) and great blue heron (Ardea herodias) as both winter and summer
residents, and the migrant merlin (Falco columbarius).

130. Several species of threatened or endangered sea turtles and whales occur in the coastal and
nearshore waters of the study area, although all ar: transients. The endangered hawksbill turtle
(Eretmochelys imbricata), leatherback turtie (Dermochelys coriacea), and Atlantic ridley turtle
(Lepidochelys kempii), and the threatened loggerhead turtle (Caretta caretta), green turtie (Chelonia
mydas) are five species of sea turtles believed to occur in the nearshore waters of the Atlantic Ocean
and bay waters. Six species of endangered whales migrate through the North Atlantic and may be
found off the coast of New Jersey. These are the blue whale (Balaenoptera physalus), finback whale
(Balaenoptera physalus), humpback whale (Megaptera novaeangliae), right whale (Eubalaena spp.),
sei whale (Balaenoptera borealis), and sperm whale (Physeter catodon).

CULTURAL RESOURCES EVALUATION

131. The prehistoric occupation of New Jersey and the Atlantic Coast region has been categorized
by archaeologists into three general periods of cultural development: Paleo-Indian (15,000 years
before present (B.P.) - 8,500 B.P.), Archaic (8,500 B.P. - 5,000 B.P.), and Woodland (5,000 B.P. -
400 B.P.). Few Paleo-Indian sites have been located in the coastal region of New Jersey. This is
partly due to the low population density and nomadic lifestyle of the people from the period, as well
as from the inundation of sites by sea level rise and burial under thick layers of alluvium and modern
cultural deposits.

132. The Archaic period is marked by a rise in sea level and subsequent changes in the flora and
fauna. The warmer and wetter climate resulted in the reduction of open grassland and a proliferation
of oak and hemlock forests. An increasingly wide range of plant and animal resources was exploited
as groups migrated seasonally to take advantage of varying environmental conditions. Nearly all
drainages in New Jersey show some signs of Archaic period settiement aithough the late Archaic
phase is better represented than the early Archaic.

133. The Woodland period can be divided into Early Woodland (3,000 B.P. - 1,000 A.D.) and Late
Woodland (1,000 A.D. - 1,650 A.D.) periods. The Early Woodland period is characterized by the
emergence of stable and intensive estuarine and riverine adaptations, increasing cultural diversity,
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increasingly sedentary lifestyle that relied more heavily on agriculture, and the introduction of pottery.
Although relatively few New Jersey sites have been reported, the sites that do exist indicate a
preference for estuarine and bay locations, and an emphasis on exploitation of shellfish from tidal
estuaries and major saltwater bays. The Late Woodland period is the best-represented prehistoric
period in New Jersey and is characterized by an increasingly sedentary lifestyle and corresponding
reliance on agriculture. New Jersey sites are primarily located along major river systems although
coastal areas along the bays were also used.

134. The time during which the Native American population came into contact with the Europeans
is known as the Contact Period (1,650 AD. - 1,800 AD.). In the study area, native Americans living
in Atlantic County at this time were the Lenni-Lenape Indians, who occasionally camped on Absecon
Island, which they called Absegami, an Indian word for "place of the swans".

135. In 1614, Dutch sailors landed in Atlantic County and named the area and river Eyren Haven,
or Little Egg Harbor, because of the number of birds' eggs they found along the banks of the river.
Later the river was renamed Mullica River to avoid confusion with the Great Egg Harbor River to
the south. Prior to 1852, the location of Atlantic City was an undeveloped island 5 miles off the
mainland and separated from it by a series of bays, sounds, and salt meadows. Known as Absecon
Island or Absecon Beach, the frequency of shipwrecks and isolation of the island made it an attractive
spot for refugees from war or the law. Dr. Jonathan Pitney of Absecon, “the father of Atlantic City",
was the first to see the area's possibility as a "bathing spa". In 1853, Richard Osborne mapped the
bathing village and christened the area Atlantic City. The city was incorporated in 1853.
Development along the bay side of Atlantic City included the 1890 improvements of Gardner's Basin.
Gardner's Basin played an important role in the development of Atlantic City and was a major center
for shipbuilding, commercial fishing and pleasure boating, and has contributed to life-saving activities
operating out of the Absecon Inlet. The remainder of Absecon Island quickly grew with the
development of Ventnor City, Margate City and Longport Borough. These municipalities constitute
one of the most intensively developed seaside resort areas in the country.

136. There are numerous historic properties listed on the National Register of Historic Places within
the general project vicinity. These include the Absecon Lighthouse and several hotels, apartment
buildings, churches, and the Marvin Gardens Historic District. Two properties, the Atlantic City
Convention Hall and Lucy, the Margate Elephant, have been designated National Historic Landmark
status.

137. Over three hundred vessels have been wrecked on the shoals off Brigantine and Absecon Islands
since the late 1700's. Coastal storms, treacherous northeast winds and swift tidal currents coupled
with historically heavy coastal traffic has caused the documented loss of dozens of sailing vessels,
steamships, barges, tugs and large modern ships off the New Jersey Coast. A variety of potential
submerged cultural resources in the project vicinity could date from the first half of the seventeenth
century through the Second World War. The 1990 NOAA chart and U.S.G.S. quadrangle maps for
the project area show numerous shipwreck sites on the shoals and just off the shoreline.

138. The Philadelphia District conducted two cultural resources investigations for the project in
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1995. In the first study, entitled “A Phase 1 Submerged and Shoreline Cultural Resources
Investigation, Absecon Island, Atlantic County, New Jersey (Cox and Hunter 1995), researchers
investigated two borrow areas and an eight-mile segment of tidal zone and shoreline along Absecon
Island. Magnetometer, side-scan and bathymetric data analysis identified 5 potentially significant
underwater resources in the Absecon Inlet Borrow Area. No targets of any kind were identified in
the Offshore Borrow Area. The shoreline survey identified two historic entertainment piers that are
potentially eligible for listing in the National Register of Historic Places - the Steeplechase Pier and
the Garden Pier.

139. In the second study, submitted as an executive summary entitled “A Phase 1 and 2 Submerged
and Shoreline Cultural Resources Investigation, Brigantine Inlet to Hereford Inlet, Atlantic and Cape
May Counties, New Jersey” (Cox 1995), archaeologists conducted additional remote sensing
investigations in the borrow areas at Absecon Inlet and Longport, and conducted underwater
groundtruthing operations at selected high probability target locations. The remote sensing survey
identified 2 additional high probability targets in the expanded Absecon Inlet Borrow Area, bringing
the total to 7 high probability targets. Underwater ground truthing operations were conducted at 6
of these 7 target locations. One high probability target was not investigated during ground truthing
operations. Although site conditions in the inlet limited the ability of the divers to confirm the
material responsible for generating each target, a re-analysis of previously collected and newly
acquired remote sensing data suggests that 4 of the 6 targets exhibit strong shipwreck characteristics.
Historical research shows that one of these 4 targets, although not confirmed in the field, is the
probable location of the 85 foot barge “Troy”, a modern vessel that sank in the inlet in the early
1980's. Researchers recommend that five high probability targets be avoided during construction (see
figure 51 in the Project Impacts section of this report.

140. No targets were found in the Longport or Offshore borrow areas during the second study.

EROSION CONTROL STRUCTURE INVENTORY

141. A site inspection of the existing coastal structures on Absecon Island was conducted in January
1994. Existing shore protection structures include timber and concrete bulkheads, concrete seawalls,
stone revetments, and stone and timber beach groins.  The existing condition of erosion control
structures along Absecon Island are inventoried in Appendix A.

142. The bulkheads protecting Absecon Island, both along the inlet and the ocean front, are
constructed of timber and concrete and conditions vary from excellent to poor. Construction of the
timber bulkheads include two basic designs, which are essentially the same. Both designs require a
single or double row of king piles (through a cross section) connected to a double row of timber sheet
piling by means of bolted connections to a face and a lock waler. However, one design also includes
an anchor pile connection.

143. The top elevation of the bulkheads vary between +10 to +15.5 MLW along the Absecon Inlet
frontage, where there are two different sections of bulkhead. The new anchored bulkhead along
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Maine Ave. from Caspian Ave. to Atlantic Ave. (2200 ft. in length) was constructed in 1993 and is
in excellent condition. The remaining sections from Atlantic to Euclid Aves. (300 ft. in length) and
those from Seaside to Metropolitan Aves. (approx. 1000 ft. in length) were constructed in 1935 and
are in very poor condition. The section from Seaside to Metropolitan is buried under sand and is
discontinuous in many areas.

144. In Ventnor, all timber and concrete bulkheads were constructed by private interests, and no
plans for any of the concrete bulkheads exist in any state or local municipality record. There is 5300
feet or about one (1) mile of concrete bulkhead and 3400 feet of timber bulkhead in the city of
Ventnor. All the concrete bulkheads were constructed between 1925 and 1935, top elevations vary
between +12 to +13 MLW, top widths vary between 2 and 3 feet, and conditions range from poor
to good. All the concrete bulkheads are mostly intact and continue to provide protection to
beachfront properties and street ends. The timber bulkheads in Ventnor were constructed between
1950 and 1952, with approximately 500 feet being replaced following the March 1962 storm. Top
elevations vary between +10 and +13 MLW. The majority are in fair condition. Short gaps in
construction (less than 20 ft.) exist at the Baton Rouge, Austin, and Amherst Place street ends.

145. In Margate, the entire shorefront (8450 feet or 1.6 miles) is protected by timber bulkheads,
which were built between 1957 and 1964. The newest sections of bulkhead at Granville and Rumson
Avenues were replaced in 1993. Top elevations vary between +10 and +13 MLW, and the majority
are in fair to good condition.

146. In Longport, the entire ocean front (1.4 miles) is protected by 4050 feet of timber bulkhead and
3300 feet of concrete seawall. There is also 55 feet of steel sheet pile bulkhead at the seaward end
of 28th Ave. This bulkhead is in poor condition with significant corrosion, however, it still functions
as designed. The concrete seawall is a combination curved face and stepped structure, which was
originally built in 1917 and was rehabilitated in 1981, at which time the curved face was repaired and
the top elevation was raised to +11.6 MLW (see photo #11 in the Engineering Appendix). When the
seawall was originally constructed, the design did not include a pile support for the rear of the
structure, which has resulted in the potential for a lack of stability of the wall if the fill supporting the
rear of the structure should erode. A stone revetment with 18 inches of concrete void filler provides
toe protection along the length of the seawall. The seawall is in fair to good condition, with some
minor cracking and spalling. The structure has remained stable since 1963 and has been effective in
providing protection to the properties behind it.

147. The timber bulkheads in Longport vary in top elevation from +10 to +14 MLW and the majority
are in fair to good condition. The most recent section replaced was at 30th Ave. and the property just
north of 30th, in 1984. Those sections at Pelham, Manor, and 3 1st Aves. are planned to be replaced
in the near future by the State and municipality.

148. GROINS. There are currently eight (8) groins, approximately 500 feet apart, in Atlantic City
along the Absecon Inlet frontage. Two timber groins were constructed by the City and State in 1930-
32, and repaired and protected with stone ends in 1958. Five stone spur groins and one timber and
stone groin were also constructed along the inlet by the City and State between 1946 and 1958. Also
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along the inlet in Atlantic City is the Oriental Avenue jetty. It was built by the Federal Government
in 1946-48 and extended in 1961-62 to its present length, and was rehabilitated by the State in 1983.
All eight inlet groins and the jetty are in good condition.

149. Along the ocean coast of Absecon Island, there are a total of twenty-nine (29) beach groins.
Nine are stone groins that are in good to fair condition with little or negligible displacement or loss
of stone along their visible length. Several of the stone groins in Atlantic City were rehabilitated by
the City and the State in 1983. The work included extending and raising the crest elevation of the
Vermont Ave. groin, raising the crest elevation and filling voids in the armor with concrete at the
Massachusetts Ave. groin, and construction of a new timber groin with stone extension directly
adjacent to the existing structure at Illinois Ave. Eleven beach groins are constructed of timber that
are in fair to poor condition, many with rotting timbers which render them permeable. It appears that
the local communities are maintaining the stone groins in a more intact state than the timber groins.
There are nine groins constructed of stone and timber cribbing that are in poor condition, with all but
a few cases existing in a state of debris, nearly invisible. These do not appear to serve their original
function, and similar structures have not been constructed since the late 1920's.

150. REVETMENTS. There are three stone revetments providing erosion protection for bulkheads
and seawalls on Absecon Islanc. There is a new stone revetment along the length of the new timber
bulkhead at Maine Avenue on the Absecon Inlet frontage. It is constructed of 2 to 3 ton stone and
the slope of the revetment follows the existing slope of the sand fronting the bulkhead. There is also
a stone revetment providing erosion protection along the length of the combination curved face and
stepped reinforced concrete seawall which extends from 11th Ave. to 15th Ave. and then from
between 23rd and 24th Aves. in the city of Longport. Top elevation of the revetment varies between
+6 to +6.3 ML W and has concrete void filler in the upper 18" of stone. It is in fair to good condition.

151. Also in the city of Longport is a new stone revetment at 11th Ave., extending to the inner end
of the stone groin constructed at Atlantic Ave. The crest of the revetment was constructed with a
top width of 14 feet, a top elevation of +8.0 MLW, using 8 to 9 ton weight rough quarrystone. The
revetment fronts an existing timber bulkhead with a top elevation varying between +10.0 and +12.0
MLW, and replaces a previous concrete block and stone revetment. The revetment was constructed
by the State of New Jersey in 1993.

152. OUTFALLS. At the time of the previous structure inventory, most outfalls were intact and in
fair to good condition. At the present time, the condition of some of these outfalls has degraded. In
Atlantic City, all outfalls are intact up to approximately the mean low water line; however, several
of the existing outfall pipes have broken off at pipe sections located in the surf zone. The existing
length of these outfalls is not adequate to assure unhindered drainage for those proposed beachfill
alternatives having a berm width of 200 feet or greater. Therefore, plans to extend the outfalls were
developed during plan formulation. This required extending approximately 270" of 20" diameter
ductile iron pipe, and 170’ of 24" diameter D.I.P., with timber support systems spaced at 18 feet. 220'
of 30" diameter D.LP., and 150' of 36" diameter D.I.P. would also be extended with timber support
systems spaced at 9 feet. Several outfalis in Ventnor, Margate and Longport have also suffered
damage, and in some cases have sheared off completely at the bulkhead. These outfalls would also
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require extention during plan folrmulation. It was assumed that outfalls in Ventnor, Margate and
Longport would be replaced with 12" diameter D.LP., for a total length of 1,650 feet, including
timber support systems spaced every 18 feet.

153. BOARDWALKS. The boardwalk in Atlantic City extends from Caspian Ave. on the Absecon
Inlet side around to the borough line at Jackson Ave. on the ocean frontage. The design and width
of the boardwalk varies from 60 ft. wide with steel reinforced concrete girders and concrete piles
(9,000 f. in length) to a 40 ft. wide section which is a combination of timber and concrete girders and
piles (6,600 ft. in length) to a 20 ft. wide section composed entirely of timber (6,700 f. in length).
The last reconstruction of the boardwalk occurred in 1993, and several major utilities including
electric, storm drains and water lines are buried or strung directly underneath the decking along the
boardwalk. Top of deck elevations vary from +11 to +13 MLW. The boardwalk is in fair to good
condition, along the ocean frontage, with the exception of the seawardmost concrete girders from the
Garden Pier to the Oriental Avenue Jeity, a distance of approximately 2,500 ft. The boardwalk along
the Absecon Inlet fronta;ze, from Atlantic Avenue to Oriental Avenue, has been repaired on frequent
occasion, due to damage sustained from storm generated waves.

154. The boardwalk in Ventnor is of timber construction and is 20 ft. wide. It extends from the
Atlantic City line at Jackson Ave. to Margate at Fredericksburg Ave., with a top of deck elevation
varying between +12 and +13 MLW. The length is 8,750 ft and is in good condition.

155. GEOTUBES. A system of geotube reinforced dunes were constructed in Atlantic City during
the summer of 1995. Geotubes have been placed in sections extending between Chelsea Avenue to
Martin Luther King Boulevard and from Massachusetts to Vermont Avenues, with a total
approximate length of 6,300 feet. The geotubes are supported by a base of sand, and were made of
a permeable gortex materia! filled with a sand/water slurry. The slurry was obtained directly from
the existing beach in Atlantic City at the surf zone, and at the final phase of construction, all water
drained out through the geotextile skin leaving a solid tube filled with sand. The seaward edge of the
geotubes is located approximately 75 ft. in front of the boardwalk. As positioned, the geotubes are
6 ft. high by 12 ft. wide, and are covered by approximately 1 ft. of sand to form a dune with a top
elevation of +14.0 NGVD.

156. The geotubes were placed in areas considered to be critical to the protection of Atlantic City.
During the construction of the geotube reinforced dunes, additional sand loss occurred along the
already eroding beachface. Atlantic City may have exacerbated the depleted sand supply immediately
seaward of the geotubes by using the beach as the borrow area.

PHYSICAL PROCESSES OF THE COAST

157. A number of coastal hydraulic processes which affect the Absecon Island study area were
investigated. The following paragraphs summarize these critical elements which include historic and
existing wind, wave, water level and sediment conditions for the study site. A detailed discussion of
historic and existing shoreline conditions, including a summary of coastal structures, is also provided.
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158. WAVES. An analysis of general wave statistics for the study area is presented in a report
entitled "Hindcast Wave Information for the U. S. Atlantic Coast" (Wave Information Study (WIS)
Report 30) prepared by Hubertz, et al.,, 1993. The revised WIS data is also available digitally through
the Coastal Engineering Data Retrieval System (CEDRS) developed by the U.S. Army Engineer
Coastal Engineering Research Center (CERC). The wave information for each location is derived
from wind fields developed in a previous hindcast covering the period 1956 through 1975 and the
present version of the WIS wave model, WISWAVE 2.0 (Hubertz 1992). The WIS output results
are a verified source of information for wind and wave climate along the U.S. Atlantic Coast and have
been used to gain a basic understanding of the wind and wave climate at Absecon Island. The wave
statistics pertinent to the Absecon Island study are those derived for Station 68 of WIS Report 30
(Figure S). The location of Station 68 is Latitude 39.25 N, Longitude 74.25 W, in a water depth of
approximately 60 ft. Monthly mean wave heights at Station 68 for the entire 20-yr hindcast range
from 2.4 ft in August to 4.4 ft in December. The maximum wave height (H,,.) at Station 68 for the
20-yr period is reported as 22.6 ft, with an associated peak period of 14 sec and a peak direction of
86 deg on 7 March 1962. The maximum wind speed for Station 68 for the 20-yr hindcast is reported
as 89 ft/sec at 20 deg on 7 March 1962.

159. Field measurements of waves at two locations have been collected by Offshore and Coastal
Technologies-East, (OCTT) for the Philadelphia District during the period November 1993 to January
1995 (Figure 6). Typical plots of wave data collected are provided in Appendix A. The data
collected provide bulk parameters and directional spectral information at an offshore site
(approximately 35 ft depth, 8000 ft offshore) and at a nearshore site (approximately 800 ft south of
Absecon Iniet in about 20 ft of water). The offshore wave measurement site is considered
representative of incident wave conditions along the project area. The nearshore wave site at
Absecon Inlet reasonably monitors the transformed waves reaching the Absecon Inlet/Atlantic City
shoreline after passing over the ebb delta and main navigation channel. The two gages provide data
needed to validate a nearshore wave transformation model used in this feasibility study. Field data
have been analyzed using directional spectral analysis techniques to produce spectrally-based bulk
parameters describing the wave records as well as discretized energy densities for frequency/direction
bins. Time series of zero-moment wave height, peak period and mean direction are necessary from
each gage to assess the performance of the nearshore wave transformation model.

160. Wave information for use in storm erosion and shoreline change modeling was derived from
two sources. First, offshore storm wave data was taken from the recent wave hindcast conducted
by OCTI for the Philadelphia District. Historic storm data were generated in the hindcast using a
series of numerical models applied to two storm populations. The hindcast used 15 historic
hurricanes and 15 historic northeasters that have affected district coastal areas in order to formulate
the storm criteria. Normal condition wave information was taken from a recent Philadelphia District
hindcast of 6 years of continuous waves (1987-1993) and the 20-year WIS study. The Philadelphia
District hindcast provides approximately three months of overlap with the wave gaging effort. Both
data sets, generated by a directional spectral wave model, are directly compatible with the nearshore
wave transformation model and provide input to shoreline change sediment transport models.
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161. Extreme wave statistics are available from the OCTI wave hindcast study are provided in Table
10. These offshore waves were reported by the model at 39 degrees 20 minutes North and 74
degrees 25 minutes West and are representative of waves at the 10 meter NGVD contour.

Table 10
Extreme Wave Estimates
Return Period (yr) H, (ft) T, (sec) Mean Direction *
(deg)

2 9.94 99 67

5 . 11.31 10.6 73

10 14.07 12.1 85
20 16.27 13.2 94

50 18.96 14.7 106
100 2093 15.7 114
200 22.87 16.7 123
500 25.39 1280 133

* Directions are from which they are coming, clockwise from north

162. WIND AND CLIMATE. The site closest to the study area for which long-term systematic
wind and climatic data are available is Atlantic City. Weather data were recorded at the Absecon
Lighthouse from about 1902 to 1958. In 1943, systematic weather observations were initiated at
the U. S. Naval Air Station located about 10 miles northwest of the Absecon Light. Records have
been made continuously at the Air Station site (presently, National Aviation Facilities
Experimental Center, Pomona) to the present. In 1958, the weather observation site in Atlantic
City proper was relocated from Absecon Light about 1.1 miles northwest to the Adantic City
State Marina. The station was then moved several hundred yards to the Atlantic City Coast
Guard Facility.

163. The following paragraphs are quoted from the 1992 Annual Summary of Local
Climatological Data, and are considered to be fully representative of conditions along Absecon
Island.

“Atlantic City is located on Absecon Island on the southeast coast of New Jersey.
Surrounding terrain, composed of tidal marshes and beach sand, is flat and lies slightly
above sea level. The climate is principally continental in character. However, the
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moderating influence of the Atlantic Ocean is apparent throughout the year, being more
marked in the city than at the airport. As a result, summers are relatively cooler and
winters milder than elsewhere at the same latitude.”

"Land and sea breezes, local circulations resulting from the differential heating and cooling
of the land and sea, often prevail. These winds occur when moderate or intense storms
are not present in the area, thus enabling the local circulation to overcome the general
wind pattern. During the warm season sea breezes in the late morning and afternoon
hours prevent excessive heating. Frequently, the temperature at Atlantic City during the
afternoon hours in the summer averages several degrees lower than at the airport and the
airport averages several degrees lower than the localities farther inland. On occasions, sea
breezes have lowered the temperature as much as 15 to 20 degrees within a half hour.
However, the major effect of the sea breeze at the airport is preventing the temperature
from rising above the 80's. Because the change in ocean temperature lags behind the air
temperature from season to season, the weather tends to remair comparatively mild late
into the fall, but on the other hand, warming is retarded in the spring. Normal ocean
temperatures range from an average near 37 degrees in January to near 72 degrees in
August.”

"Precipitation is moderate and well distributed throughout the year, with June the driest
month and August the wettest. Tropical storms or hurricanes occasionally bring excessive
rainfall to the area. The bulk of winter precipitation resuits from storms which move
northeastward along, or in close proximity to, the east coast of the United States.
Snowfall is considerably less than elsewhere at the same latitude and does not remain long
on the ground. Precipitation, often beginning as snow, will frequently become mixed with
or change to rain while continuing as snow over more interior sections. In addition, ice
storms and resultant glaze are relatively infrequent."

164. As referenced in the 1984 Annual Summary from the State Marina site, the prevailing winds
are from the south and of moderate velocity (14 to 28 miles per hour), and winds from the
northeast have the greatest average velocity (between 19 and 20 miles per hour). The wind data
from this period also show that winds in excess of 28 miles per hour occur from the northeast
more than twice as frequently as from any other direction.

165. The maximum five-minute average velocity at Atlantic City was recorded during the
hurricane of September 1944, with a value of 82 miles per hour from the north. This storm also
caused the largest recorded storm surge along the Atlantic coast of New Jersey. The fastest mile
windspeed recorded at the Atlantic City Marina site over the 1960 to 1984 period was recorded
during Hurricane Doria in August 1971, The fastest mile wind speed was 63 miles per hour from
the southeast. The wind records generally reflect the fact that the most extreme, but infrequent,
winds accompany hurricanes during the August to October period. Less extreme but more
frequent high winds occur during the November to March period accompanying northeasters.

166. TIDES. The tides affecting the study area are classified as semi-diurnal with two nearly
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equal high tides and two nearly equal low tides per day. The average tidal period is actuaily 12
hours and 25 minutes, such that two full tidal periods require 24 hours and 50 minutes. Thus, tide
height extremes (highs and lows) appear to occur almost one hour (average is 50 minutes) later
each day. The mean tide range for the Atlantic Ocean shoreline is reported as 4.1 feet in the Tide
Tables published annually by the National Oceanic and Atmospheric Administration (NOAA).
The spring tide range is reported as 5.0 feet. Absecon Channel and the back bay areas adjacent to
the study area show only a small attenuation of the tide range relative to the ocean shoreline.

167. The NOAA tide gage nearest to the study area shoreline is located at the Trump Taj Mahal
oceanfront pier in Atlantic City. Historically, a gage has been located on Absecon Island since
July 1911. In July 1985, the gage was moved from its location at Atlantic City Steel Pier two
miles south to a municipal fishing pier in Ventnor. In January 1992, the gage was moved from
Ventnor to its present location at the Trump Taj Mahal Pier.

168. Water level measurements were also collected by OCTI at the offshore and inlet wave and
current measurement stations at three hour sample periods. Typical plots of tidal data are
provided in Appendix A.

169. CURRENTS. The Philadelphia District collected tidal current data offshore just south of
the Absecon Inlet mouth from November 1993 to January 1995, with some gaps in the data due
to redeployment of the instruments for a related project and weather conditions. This data
includes a large set of current speed and direction measurements at a single location from a
bottom mounted self-recording current meter. This data is more relevant to ocean facing
shoreline paraliel tidal currents than inlet currents because of the location of the current meters.
The data was taken at three hour intervals. Typical plots of tidal current data are provided in
Appendix A.

170. In addition, tidal currents and flow estimates for Absecon and Brigantine Inlets are available
from a study conducted in September 1994 by CERC for the Philadelphia District. Acoustic
Doppler Current Profiler (ADCP) measurements were taken at Absecon Inlet to provide estimates
of depth averaged currents at specified cross-sections and flow volumes as a function of time over
most of a tidal cycle. Typical plots of the current data collected are provided in Appendix A.
Complete analysis results are provided in a comprehensive report entitied "Current Survey of
Absecon Inlet, NJ with a Broadband Acoustic Doppler Current Profiler” available at the
Philadelphia District.

171. The goal of the ADCP study was to measure the currents and discharge rates in the inlet at
least every hour over a complete tidal cycle. These data were collected along four range lines
(Figure 7). Range A, corresponding to channel Station 102+00, was established across the
narrowest part of the inlet throat in order to capture the discharge going through the inlet. The
three other ranges were established to ook at current distribution across the channel. Range B
starts near the Flagship Condominium near Station 76+00. Range C was established parallel to
the Brigantine Bridge near Station 142+00 and Range D was established between Ranges A and
B at Station 84+00.
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172. There are a variety of ways to view the data collected along each of these ranges. Typical
plots are provided in Appendix A. The plots show ship tracks with velocity vectors, contour plots
of the velocity structure as if a slice was taken across the channel, and depth-averaged velocity
plots. Time series of depth-averaged velocity and discharge estimates at each range for each
transect were also developed from the data collected in this study.

173. A summary of the data collected across the inlet throat (Range A) is provided. The data
indicate that during flood tide the higher water velocities are located on the south side of the
channel. During ebb tide, the currents are generally uniform across the channel. During peak ebb,
slightly higher velocities are concentrated on the north side of the inlet. At maximum flood,
depth-averaged water velocities of over 5.6 ft/sec were measured. In general, ebb velocities were
lower than the flood velocities. Typically, maximum water velocities on the ebb tide were on the
order of 4.9 fi/sec. Complete analysis results for all ranges are provided in a comprehensive
report entitled "Current Survey of Absecon Inlet, NJ with a Broadband Acoustic Doppler Current
Profiler" available at the Philadelphia District.

174. Maximum tidal current velocities through Absecon Inet have been previously documented
as 3.1 ft/sec (U.S. Army Corps of Engineers 1943) with currents flowing past the adjacent
beaches reaching maximum velocities of less than 1.0 ft/sec.
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175. STORMS. Storms of two basic types present a significant threat to New Jersey's coastal

zone. Hurricanes are the most severe storms affecting the Atlantic Coast. Extratropical storms
from easterly quadrants, particularly the northeast, also cause extensive damage to beaches and
structures along the coast.

176. Tropical storms and hurricanes, spawned over the warm low latitude waters of the Atlantic
Ocean, are probably the best known and most feared storms. Hurricanes, characterized by winds
of seventy-five miles per hour or greater and heavy rain, plague the Gulf and Atlantic seaboards in
the late summer and autumn. Historically, the Hurricane of 1944 and Hurricane Gloria are ranked
first and fifth, respectively, in terms of maximum stage at the Atlantic City gage.

177. Extratropical storms, often called "northeasters", present a particular problem to the
Atlantic seaboard. Such storms may develop as strong, low pressure areas over land and move
slowly offshore. The winds, though not of hurricane force, blow onshore from a northeasterly or
easterly direction for sustained periods ->f time and over very long fetches. The damage by these
storms may ultimately exceed the destruction from a hurricane. - The March 1962 Northeaster
ranks second only to the 1944 hurricane in terms of maximum stage. “The northeasters which
occurred in November 1950 and December 1992 rank third and fourth in the stage frequency
analysis for the Atlantic City gage. )

178. The intensity and thus the damage-producing potential of coastal storms are related to
certain meteorological factors such as winds, storm track, and amount and duration of
precipitation. However, the major causes of coastal damage tend to be related to storm surge,
storm duration, and wave action. Storm surge and wave setup will be discussed in the storm
erosion and inundation analysis included in a later section.

179. SEA LEVEL RISE. - Many coastal engineers feel that sea level rise is a contributing factor
to long term coastal erosion and increased potential for coastal inundation. Because of the
enormous variability and uncertainty of the climatic factors that effect sea level rise, predicting
future trends with any certainty is difficult. There exists many varying scenarios of future sea
level rise. Corps of Engineers guidance EC-1105-2-186 states that it will be at least twenty-five
years before sufficient data is collected to estimate with reasonable confidence the appropriate
rate of increase or even to reach some consensus on which of the various scenarios is most likely.
Until substantial evidence indicates otherwise, Corps policy specifies considering only the local
regional history of sea level changes to forecast a change in sea level for a specific project area.
Based on historical tide gage records between 1912 and 1986 at Atlantic City and Ventnor, New
Jersey, sea level has been rising at an approximate average rate of 0.013 feet per year (Hicks and
Hickman 1988). The ocean stage frequency analysis will incorporate the effects of sea level rise in
the historical record. Over the proposed fifty year project life, it is assumed that sea level will rise
by 0.65 feet.

180. OCEAN STAGE FREQUENCY. The stage-frequency relationship derived for this study
based upon a Gumbel best-fit distribution for recurrence levels greater than a 10-yr event and
based upon the Weibull best-fit distribution to annual maxima measured at Atlantic City for a 10-
yr event and lower is shown in Figure 8. Values of stage at selected reference frequencies are
shown in Table 11. This relationship places the maximum water level ever recorded at Atlantic
City, i.e. on September 14, 1944, of 8.21 f NGVD at the 50-yr level and the December 1992
storm peak water level of 7.42 ft NGVD at approximately a 25-yr event. Table 12 presents the
20 highest observed stages adjusted for sea level rise. The data set of ranked maximum stages
measured from the Atlantic City gage is provided in Appendix A .
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Table 11
Ocean Stage Frequency Data
Year Event Annual Probability of Water Surface Elevation (ft,
Exceedence NGVD)
5 0.20 6.3
10 0.10 6.8
20 0.05 72
50 0.02 82
100 0.01 92
200 0.005 10.1
500 0.002 113




20 Highest Stages Adiusted for Sea Level Rise
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Table 12

Siage Frequency Analysis

Atiantic City, N¥  1912-19%4

Year Date Ratk Adj. Stage, Storm Type
NGVD

1944 14 Sep 1944 1 821 HUR
1962 7 Miar 1962 2 158 NE
1950 25Nov 1950 |3 753 NE
1992 11 Dec 1992 4 742 NE
1985 27 Sep 1985 5 739 HUR
1976 9 Aug 1976 6 739 HUR
1991 31 Oct 1991 7 723 NE
1984 29 Mur 1984 3 683 NE
1980 25 Oct 1980 9 611 NE
1953 231 Oct 1953 16 659 NE
1989 19 Oct 1989 1 6.50 NE
1977 14 Oct 1977 12 6.47 HUR
1947 I Nov 1947 13 547 NE
1972 22 Dec 1972 14 545 NE
1960 12 Sep 1960 1$ 540 HUR
1961 22 Oct 1951 16 639 HUR
1932 10 Nov 1932 17 636 HUR
1935 5 Sep 1933 18 533 HUR
1920 5 Feb 1920 19 632 NE
1994 Mar 1994 ) 6.30 NE
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181. LONGSHORE TRANSPORT. Longshore or littoral transport can both supply and remove
sand from coastal compartments. In order to determine the balance of sediment losses and gains
in a system, net, rather than gross, transport rates are required. Net longshore transport refers to
the difference between volume of material moving in one direction along the coast and that
moving in the opposite direction.

182. The net longshore transport in the vicinity of Absecon Island is from northeast to southwest,
although there is a local reversal of drift on the Atlantic City shoreline near the inlet.

Observations of beach offsets at the groins taken from aerial photography and onsite observations,
showed a diverging nodal zone consistently located between Garden Pier and the former Steel
Pier (Sorensen, Weggel, and Douglass 1989). Tablel3 provides sediment transport rates which
have been reported for the Absecon Island study area. The sediment budget developed for
Brigantine and Absecon Islands further examines longshore transport rates in the study area.

Tablel3
Historic Sediment Transport Rates for Absecon Island and Vicinity

Location Source Gross Tr. 1t (cu yd/yr) | Net Transport
: (cu yd/yr)
’ North South
Brigantine CENAP House Doc #94- | 250,000 350,000 100,000 S
Island 631
Group III
Absecon Inlet CENAP Group I, IL HI 500,000 600,000 ' 100,000 S
Atlantic City Caldwell MFR 450,000 550,000 100,000 S
(4/18/58)
Caldwell 1966 CERCR 1-
67 500,000 600,000 100,000 S
‘Absecon Island { Wicker 1967 107,000 199,000 92,000 S
letter to Caldwell

Caldwell 1968 letter to
Wicker

250,000 400,000 150,000 S
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SEDIMENT BUDGET

183. A sediment budget study is used to determine the sources, sinks and volumetric rates of
material transported into and out of a particular coastal compartment over a specified time period.
This study is accomplished by thoroughly investigating the various factors that influence sediment
erosion, transportation, and deposition in a study area. Due to the difficulty in measuring some of
these factors, reliability of a sediment budget varies depending on the characteristics of each site
and quality of input data. When a sediment budget is conducted to understand the long-term
change of a shoreline, a sufficient time interval must be used to average out seasonal variations.

184. Both natural trends and man-made factors (such as beach fill and coastal structures) are
important parameters in a sediment budget analysis. Various factors considered as sources or
credits of material include dune, cliff, and backshore erosion, beach fill, riverine sediments, eclian
transport, and onshore and longshore transport. Factors considered as sinks or debits include
dune and backshore storage, inlets, lagoons, overwash, dredging activities, beach mining,
submarine canyons, eolian transport, and offshore and longshore transport out of the study area.
A particular coastal compartment may require that many or only a few of these elements be
considered in the analysis. Sediment budget assumptions and analysis techniques are discusse in
a number of references including the Shore Protection Manual (1984), EM 1110-2-1502 (199?),
and Meisburger (1993).

185. SEDIMENT BUDGET DATA FOR ABSECON ISLAND. - A sediment budget has been
developed for the length of shoreline from Brigantine Inlet to Great Egg Harbor Inlet. Several
pertinent source and sink factors for the study area are discussed below.

186. Navigation Features. The authorized project at Absecon Inlet provides for an entrance
channel 20 ft deep (MLW) and 400 ft wide in the Atlantic Ocean and through the inlet, and for an
entrance channel 15 feet deep into Clam Creek, with a turning basin of like depth within Clam
Creek (Figure 9). The existing project was completed in 1957.

187. Structures in the vicinity of Absecon Inlet include the Brigantine jetty to the north of the
inlet, the Oriental Avenue groin to the south, and 7 stone groins and a timber bulkhead along the
inlet-facing shoreline of Atlantic City (see Figure 21 later in this report). These structures are not
part of the authorized Federal navigation project for Absecon Inlet, but are important to processes
affecting the inlet.

188. Subsequent construction of the Oriental Avenue groin, the Atiantic City inlet shoreline
groins, and the Brigantine jetty have successively reduced channel and shoreline fluctuations.
Southerly longshore transport has caused accretion of the Brigantine shoreline in the vicinity of
the Brigantine jetty and reduction of material being bypassed to Atlantic City. Additionally,
hopper dredging and offshore disposal through 1978 and the 1986 beach fill/borrow operation
have decreased the volume of material in the ebb-tidal delta.

189, ABSECON INLET SHOAL VOLUME CHANGES. Bathymetry with coverage beyond the
immediate area of inlet dredging, adequate to calculate changes in shoal volumes over time,
includes a 1941 Corps survey, NOAA chart bathymetry from approximately 1972, and a 1994
Corps survey. The latter survey is very limited in area to the north and south of the navigation
channel, limiting the area of shoal volume change caiculation.

190. The volume stored by the Brigantine Jetty, built in the mid-1950s, is estimated to be
approximately 1.5 million cubic yards. This includes both the fillet north of the jetty and shoals
adjacent to the jetty along the northern shore of the inlet.



Authorized Project xt Absecor Inlet

ABSECON INLEY
NEW JENSEY
ROVIEED 36 JURE 18T
>us o KT
Lo L] 2 3 L3 k] L3 Lol

V.8 ANMY EMEIRCER SIETRICY, PRiLA.

Figure 9




68

191. Inlet ebb tide shoal volume changes were calculated over an 8000 by 5000 foot area which
had overlapping coverage in the three available surveys. The results show a 1.1 million cubic yard
loss in the shoals from 1941 to 1972, and no appreciable shoal volume change over the limited
area of common data from 1972 to 1994. Bathymetry of the inlet from 1941, 1977 and 1994 are
shown in Figures 10 to 12.

192. Dredging History. Table 14 and Figure 13 provide a history of maintenance dredging in
Absecon Inlet since 1915, Maintenance dredging in the inlet channel was last performed by
hopper dredge in July 1978. Since 1978, controlling depths have been in the range of 17 to 19 ft
MLW. These depths result from a combination of natural processes and beachfill/borrow
activities. Between 1978 and 1986, the navigation channel remained sufficiently deep through
natural tidal scour. However, in 1986, approximately 1,000,000 cubic yards of material was
removed from the shallow areas north of the inlet navigation channel as a borrow source for an
Atlantic City beachfill operation.

193. Previous analyses of dredging records indicate a range of shoaling rates dependent upon the
time period analyzed. As part of the Absecon Inlet physical model study, the U.S. Army Engineer
Waterways Experiment Station (1943) conducted a 10-year dredging base test of existing
prototype conditions with a 400-ft wide and 20-ft deep channel. Subsequent to the initial channel
cut, an average of 109,000 cu yd of material per year was dredged from the model channel to
maintain project dimensions. An approximate analysis of average annual "pay place" quantities
from 1970 to 1978 resulted in a maintenance dredging rate of 81,800 cu yd/year. No maintenance
dredging has been required from 1978 to 1994 indicating a shoaling rate of zero cu yd/year. The
inlet processes analysis conducted for this feasibility study investigated Absecon Inlet bathymetry
and volumetric changes. A discussion of historic, present day, and future inlet processes are
presented in a later section of this report.
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Table 14 Continued

FISCAL

vean NET CLAM CREEX

WORK MAINTENANCE CUMRATIVE NEW WORK MAINTENANCE
DREDGING DREDGING

1944 $12,110 0.957.879

1945 111,840 0,046,039

1348 123,896 7,081,775

1947 ? 7.081,77%

1948 ? 7,001,778

1949 709,479 2.791.254

1980 $03,500 8,294.014

19851 ° 8,204.814

1952 .78 516,539

1983 130,021 8,085,100

1984 143,281 8,790,411

1988 300,193 9,10,4004

1956 201817 0.300.421

1987 193,470 9,959,091 126.968

1988 103.488 9,063,300

19858 796,478 2.989.993

1900 339.700 10.298.501

1981 144,718 10,444,277

1902 256.507 10,700,784

1963 401,348 11,102.129 13.101

1984 222822 11,324,081

1908 340.901 11.673.612

1908 129,502 11,803,114

1987 83,552 11,806,060

1968 122,796 12,009.462

1989 153,070 12.162.532

1970 148,502 12,311,034 14,138

1971 ° 12,311,034

1972 208.204 12576.298

1973 87.208 12.672.383

1974 102,184 1277817

1978 104,077 12,979,794

1978 $3.470 12,963.204

1977 26,990 13.080.254 12.1%0

1978 ° 13.080.234




74

Tabie 14 Contimued

YERR BRET A ERERX
MANTENAMNCE CUMULATIVE MEW WA ] MAINTENANCE
DANDGNG

1K7E a 13,080, 254

hL ] 12000, I

I8N ] 15,000, 184

1882 o 13,080,154

19 a 13,580,254

1904 a 2000, 254 3,450
1985 2 11000, 254

b Q 33,000 24

1Y o 17,000, 254

5 ] 1259, 754

oEH A T3 000, T4

198G Q 33080, 2

197 a4 3,000,254

Tz o 13500, 54

1882 E) 13,080 544

10 L3 13,600, 14&




DREDGING QUANTITY {CY)

{Milllineis}

75

ABSECON INLET MAINTENANCE DREDGING
fram ANNUAL REPORTS: 1915t 1894

0.8+

{4

.2

2.4

1915 1520 1925 1530 1935 194G 1945 1950 1955 1960 1965 1570 1975 1860 1965 1950
CALENDAR YEAR .




76

194. Beach Fills. A summary of beach nourishment projects conducted from 1940 to 1994 on
Absecon Island is provided in Table 15. The volume of material for each fill is considered a
source or credit of material to the sediment budget analysis. The location of the borrow area for
the respective fills must be examined and considered in the sediment budget computations.

Table 15
Summary of Beach Fill Projects on Absecon Island

Date Location of Fill Quantity Agency

Completed (cu yd)

1935-1943 Atlantic City (offshore berm) 3,554,000 USACE

1948 Atlantic City 1,073,000 USACE

March 1948 Atlantic City (Caspian to 483,000 NJDEP
Oriental)

1963 Atlantic City (Oriental to 560,000 NJDEP
Virginia)

1966 Atlantic City 125,000 USACE

July 1970 Atlantic City (Oriental to 830,000 NIDEP
Illinois) &

1978 Atlantic City (Ullinoisto NIDEP
Tennessee) - :

1979 Atlantic City - 48,160 USACE

June 1983 - Atlantic City (Massachusetts to 43,000 NIDEP
Vermont)

June 1983 Atlantic City (Michigan to St. 32,000 NJIDEP
James)

June 1986 Atlantic City (Oriental to 1,000,000 NJDEP
Arkansas)

1990 Longport 250,000 NJDEP

195. Coastal Structures. Coastal structures such as groins and jetties can have an effect on the
sediment budget by trapping a portion of the littoral drift. Other structures present on Absecon
Island, such as piers and outfalls, may have small effects on longshore transport processes
depending on the density of their substructure. The terminal groin at Longport has had a
significant effect on the southern portion of Absecon Island. The groin functions as a sediment
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trap for material which otherwise would have been lost to the Great Egg Harbor Inlet complex.

196. SEDIMENT BUDGET ANALYSIS PROCEDURES. The following paragraphs describe
the development of the sediment budget for Brigantine Inlet to Great Egg Harbor Inlet. The
detailed sediment budget is provided in Appendix A.

197. The selection of the specific time periods for analysis was dependent on the availability of
shoreline position data and wave data for the study area during the general period of interest
between 1950-1993. Review of the available data indicated that shoreline position data for 1952,
1977 and 1986 were available from a database developed by Dr. Steve Leatherman of the
University of Maryland Laboratory for Coastal Research. In addition, shoreline position data for
1993 based on digital orthophoto mapping of significant segments of the study area shoreline
were also available.

198. Available wave data for the study area included Wave Information Study (WIS) hindcasts
for the period 1956-1975 calculated at 3 hour intervals. In addition, wave hindcasts for the
period 1987-1993 developed by Offshore & Coastal Technologies, Inc. (OCTI) for the
Philadelphia District at 3 hour intervals near the WIS station were available. .

199. Based on the availability of shoreline position and wave data, the specific periods of analysis
for the sediment budget were selected to include:

1952-1977
1977-1986
1986-1993

Seven control volumes for the sediment budget analysis were selected. The first control volume is
Little Beach, which is located at the northern end of the study area, extending from Little Egg
Inlet south for 2.7 miles to Brigantine Inlet. This control volume provides the source of
longshore sand transport into Brigantine Inlet from the north which results in potential inlet
shoaling and potential sand bypassing to the Brigantine Isiand shoreline. An assumption is made
that there is negligible sand bypassing from Brigantine Inlet across the southern boundary into this
contro| volume.

200. The second control volume is Brigantine Inlet. Potential significant sand inputs to this
control volume are assumed to be southerly sand transport from the north and northerly sand
transport from the Brigantine Island shoreline. Potential sand outputs from this control volume
are dredging, shoal growth, sand bypassing to the Brigantine oceanfront shoreline, and offshore
losses.

201. The third control volume, Brigantine Island, extends from Brigantine Inlet south for 6.3
miles to the stone jetty at the southern end of Brigantine at Absecon Inlet. Potential sand inputs
to this control volume are sand bypassing from Brigantine Inlet, shoreline erosion, and beach fills.
Potential sand outputs from this control volume are northerly longshore sand transport across the
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northern boundary into Brigantine Inlet, southerly longshore transport across the southern
boundary into Absecon Inlet, offshore losses, and shoreline accretion. Significant events in this
control volume include a 393,000 cubic yard beach fill in 1962, a 175,000 cubic yard beach fill in
1963, a 66,000 cubic yard beach fill in 1966, and jetty construction and extensions in 1952, 1959,
and 1974. ‘

202. The fourth control volume, Absecon Inlet, extends from the southern boundary of the
Brigantine Island control volume south to a southern boundary at the stone jetty in Atlantic City.
Potential sand inputs to this control volume are southerly longshore transport across its northern
boundary from Brigantine Island and northerly longshore transport across the southerly boundary
from Atlantic City. *Potential sand outputs are dredging, sand bypassing to Atlantic City, shoal
growth, and offshore losses. The most significant events in this control volume are the annual
dredgings between 1952-1972 and the 1,000,000 cubic yard dredging for beach fill in 1986.

203. The fifth control volume, Absecon Island, extends from the northern boundary at Absecon
Inlet south 8.0 miles to a southern boundary at the jetty at the southern end of Longport at Great
Egg Harbor Inlet. Potential sand inputs to this control volume are sand bypassing across Absecon
Inlet, shoreline erosion loss and beach fills. It is assumed that there is negligible sand bypass into
this area from the Ocean City shoreline. Potential sand outputs include northerly longshore
transport across the northern boundary into Absecon Inlet, southerly longshore transport across
the southern boundary into Great Egg Harbor Inlet, shoreline accretion, and offshore losses.

204. The sixth control volume, Great Egg Harbor Inlet, extends from the southern boundary of
the Absecon Island control volume to the northern end of Ocean City. Potential significant sand
inputs to this control volume are assumed to be southerly sand transport from the Absecon Island
area and northerly sand transport from the Ocean City shoreline. Potential sand outputs from this
control volume are dredging, shoal growth, sand bypassing to the Ocean City oceanfront
shoreline, and offshore losses.

205. The seventh control volume, Ocean City, extends from the northern boundary at Great Egg
Harbor Inlet south 1.0 mile along the Ocean City shoreline. Potential sand inputs to this control
volume are sand bypassing across Great Egg Harbor Inlet, shoreline erosion and beach fills.
Potential sand outputs include northerly longshore transport across the northern boundary into
Great Egg Harbor Inlet, southerly longshore transport across the southern boundary, shoreline
accretion, and offshore losses. -

206. One of the important components of the sediment budget analysis is the determination of the
potential longshore sand transport which is an estimate of the maximum capacity of the breaking
waves to carry sand alongshore in the presence of an unlimited supply of movable material. For
this analysis, the GENESIS shoreline change model was used to develop the potential longshore
sand transport rates along the study area shoreline. Local variations in longshore transport due to
shoreline-orientation changes were accounted for by applying the modeling using 215 ft.
alongshore grid spacings for each of the four control volumes subject to longshore sand transport,
Pullen Island, Brigantine Istand, Absecon Island, and Ocean City. Hindcast wave data at 3 hour
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intervals from 1987-1993 and the internal wave transformation routine in GENESIS were used to
develop the potential longshore transport rates along each of the control volume shorelines. The
longshore transport rates were averaged for the 6 year period for use in the sediment budget
analysis. This procedure provided the average potential longshore sand transport rate to the left
and to the right at each of the boundaries of the control volumes.

207. Volumetric shoreline changes were developed for each of the control volumes for each
analysis period using historical shoreline change maps. Shoreline changes were converted to
volumetric changes using a volumetric equivalent factor which assumes that the entire active
profile moves at the same rate as the shoreline. For the purposes of this analysis, it was assumed
that one foot of shoreline movement was equivalent to 1.0 cu yd/l ft of shoreline. Overall
volumetric changes in each control volume were developed by determining the change in area
between the respective shorelines at the 215 ft interval grid cells used in the GENESIS model for
longshore sand transport calculations. The area changes were then converted to volume changes
using the volumetric equivalent factor.

INLET PROCESSES AT ABSECON INLET

208. A history of general inlet geometry change for Absecon Inlet is available in "A Summary
Document for the Use and Interpretation of the Historical Inlet Bathymetry Change Maps for the
State of New Jersey," (Farrell, et. al., 1989). This section describes the findings of historical inlet
shoreline change maps from the mid 1800s to the 1980s.

209. HISTORICAL PROCESSES. In addition to the inlet shoreline change descriptions
discussed in Farrell, et. al. (1989), there is also an extensive discussion of pre-jetty inlet processes
and shoreline erosion and deposition in Fitzgerald (1981). The processes described in this report
have changed considerably due to the construction of the jetty and extensive dredging of the inlet
for navigation, however valid historical information is provided.

210. In general, pre-jetty inlet processes are typical of most inlets on the southern coast of New
Jersey (Figure 14). Longshore transport is to the south, with a seaward offset of the southerly
barrier istand. Sediment is deposited into the inlet tidal channel and updrift ebb tidal shoal by
longshore transport. Sediment deposited in the tidal channel is carried seaward by ebb tidal
currents and dispersed over the ebb tidal shoal. A portion of this material is then carried back into
the channel by wave action. This deposition into the channel from the updrift side causes the
channel to migrate to the downdrift, or southerly, side of the inlet, causing erosion along the
southerly inlet facing shoreline. As the ebb tide shoal migrates to the south under the influence of
waves and tidal currents, the seaward end of the main tidal channel bends around the northern end
of the southerly barrier island, depositing large quantities of sediment seaward of the ocean facing
beach. This deposition helps form and maintain the seaward offset of the downdrift island, by
providing protection from storm waves and providing a source of sand which migrates landward,
causing accretion on the ocean facing beach.
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211. Accretion of material in the outer ebb shoal eventually causes the inlet channel to become
hydraulically inefficient and a new channel is cut through the shoal more directly to the ocean. As
the old channel fills in, the ebb shoal on the landward side of the new channel migrates landward
and causes a temporary accretion along the northern end of the southerly barrier island. The
southerly channel-facing beach also accretes due to movement of the channel away from the
shoreline. As ebb currents deposit material at the seaward end of the new channel location,
sediment seaward of the northern end of the southerly barrier island dissipates and moves
shoreward at a reduced rate. The shoal which protected the end of the island begins to be
reduced in elevation. Both onshore sediment supply is reduced and wave attack is increased
leading to shoreline erosion in this location.
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212. Concurrently, continued updrift channel infilling causes the new channel to migrate to the
south, repeating the cycle. The periodicity of the channel migration and breakthrough cycle
depends on the distance the channel moves, and the amount of material which must be eroded and
redeposited each cycle. Fitzgerald (1981) estimates that historically (pre-jetty) Absecon Inlet had
a 10 to 20 year cycle of channel movement. This is similar to Townsends Inlet, where the
seaward end of the channel breaks through the ebb shoal in a more northerly channel and then
migrates to the south on a frequent basis. Hereford Inlet, on the other hand, has a very long
period natural channel migration and istand erosion/deposition cycle of approximately 60 years,
because of the much greater width of the inlet and the greater migration distance of the channel.

213. PRESENT DAY PROCESSES. Since dredging began at Absecon Inlet in 1915, and
especially since the jetty construction in the mid 1950s, the channel has remained relatively stable.
A deep channel extends seaward from the mouth of the inlet defined by the Brigantine Jetty on the
north and the inlet shoreline and the Oriental Street Jetty on the south. Dredging has, in the past,
maintained a channel alignment extending straight out from the inlet mouth. Since maintenance
dredging was discontinued in 1977, the channel has migrated somewhat to the south due to the
intrusion of the updrift ebb tidal shoal.

214, Present day inlet sedimentation processes are as follows. A schematic diagram of the
predominant sediment pathways is shown in Figure 15. Net longshore transport carries material
from the north until it reaches the Brigantine Jetty. A portion of the material is carried past the
jetty either by flow over the jetty, infiltration through the jetty, or by wind, and is deposited into
the interior shoals adjacent to the jetty on the north side of the channel. From there the material is
carried into the inlet by longshore transport to the north until it is intercepted by tidal currents and
carried back seaward by ebb tide flows. Since the interior shoals appear to be in equilibrium,
based on historical bathymetry, additional material is not presently being stored in the shoal, so
that the quantity of material picked up by the tidal currents equals the amount of sediment passing
the jetty. The remainder of the longshore transport passes around the end of the jetty, carried by
wave action and flood tide currents, and is deposited in the tidal channel or outer ebb tide shoal.
Material on the shoal is transported landward by wave action until it is deposited in the tidal
channel. Material deposited in the tidal channel is carried seaward by the ebb tide current and
dispersed over the seaward end of the channel.



E 512000

83

521800

| N 2R

BRIGANTINE

ATLANTIC CITY

+N 10008

ABSECON INLET - 1934

I = 1500 WAVE TRANSPORT =~ —.—>
VERTICAL DATUM NGVD
BATHYMETRY FROM COE 1994 - CURRENT TRANSPORT —3»

SHORELINE FROM NOAA 1977

. LONGSHORE TRANSPORT ——=>
Figure 15  Sediment Pathways



84

215. Figures 16 through 19 show ebb and flood currents for a spring tide condition for both the
1994 and 1977 bathymetries. It can be seen that relatively strong currents exist to several
thousand feet offshore. Due to extensive dredging in Absecon Inlet since 1915 (approximately 14
million cubic yards removed over 80 years), the ebb tidal shoals have been greatly depleted and
the shoals are much deeper than typical southern New Jersey inlet shoals. However, a portion of
the sediment carried seaward by the tidal currents is deposited in relatively shallow depths
seaward of the Atlantic City beaches, where it is carried landward onto the beach by wave action.

216. The remainder of the material which is carried seaward by the ebb currents is spread out
over the sea floor over a large area. Due to the large tidal currents and lack of ebb tidal shoals,
the material appears to be carried further seaward than at other southern New Jersey Inlets.
Based on the sediment budget and the existence of extensive linear shoals seaward and north of
Absecon Inlet, it is believed that significant quantities of sand are transported oftshore and lost to
the nearshore system.

217. Figure 20 shows the net wave sediment transport potential at Absecon Inlet, It can be seen
that the wave transport is to the west, and is strongest over the shallow shoals and nearshore
contours. The onshore wave transport is responsible for the formation of the shoal defined by the
-10 foot contour seaward of the Brigantine Jetty, as well as the deeper shoals seaward of the end
of the ebb tidal channel. The waves tend to return sand landward which has been carried offshore
by the ebb currents. However, as noted above, it appears likely that the wave transport is not
sufficiently strong over the dredged shoal area to return all of the material back to shore, resulting
in a loss of material from the inlet shoal area. Figure 21 further shows wave sedimentation
patterns, as defined by the gradient in the wave transport potential. Again it can be seen that the
areas of strongest potential sediment movement is in the shallow water areas.
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218. FUTURE CONDITIONS. Based on the assumption that at the present time a significant
portion of the longshore transport entering Absecon Inlet from the north is being lost offshore due
to high ebb tidal currents, as opposed to bypassing the inlet to the southern shoreline or being
stored in inlet shoals, future conditions in the inlet can be projected. Without future dredging for
navigation or beach fill borrow, it is likely that the deep shoals to the north of the existing channel
will grow over time, and continue to wrap around the channel and deflect the main ebb channel to
the south. This is based on results of the wave modeling and analysis of historical patterns of
sedimentation in Absecon Inlet and other southern New Jersey Inlets. However, due to the
continuing loss of matenial offshore, this buildup of the ebb tidal shoals will be siow. It is
anticipated that without dredging, over the span of the next 20 years the ebb tidal shoals will
begin to increase sufficiently to reduce inlet flows and ebb tidal current velocities. As ebb
currents are reduced in velocity and deflected further southward, less material will be lost offshore
and the rate of buildup of the shoals will increase.

219. Therefore, without future dredging, Absecon Inlet could have significant ebb tidal shoals at
the end of a 50-year project period. The larger ebb shoal would provide additional protection
from waves for the nearshore areas, and increase natural bypassing to the Absecon Island
shoreline. In time, the inlet would re-establish its original sediment processes, as described in the
Historical Processes section. However, this would not occur until the end of the 50-year period
or beyond.

220. Due to the importance of the inlet to local commercial and recreational navigation, it is
unlikely that ebb tidal shoals will be allowed to accumulate sufficiently to block the navigation
channel. If navigation dredging takes place, the ebb currents will continue to transport material
offshore out of the inlet system. Additional dredging for beach nourishment will also tend to
prevent the buildup of the ebb shoals, and will therefore maintain the present condition of minimal
natural bypassing and loss of material offshore. Depending upon the rate of inlet dredging, the
shoals may increase in volume in the future and provide a partial decrease in wave attack at the
shoreline; however, this effect is expected to be minor if the inlet is maintained with a navigation
channel with a depth greater than 20 feet.

SHORELINE CONDITIONS

221. HISTORIC SHORELINE CONDITIONS. A historic shoreline analysis of Absecon Island
was conducted for the Atlantic Ocean and Absecon Inlet shorelines. This analysis documents past
behavior and "background" conditions of the shoreline and determines long-term erosion rates
where applicable in the study area. This rate can vary significantly depending on the time period
analyzed.

222. Data Sources. The historic shoreline analysis relied on four principal types of information:
aerial photography, onshore/offshore beach profiles, digital shoreline change maps, and previous
reports. The aerial photography utilized for Absecon Island included the following dates: 1955,
1962, 1964, 1970, 1984, 1985, 1988, and 1993. Most of the aerial photography is vertical black-
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and-white at a contact scale of 1 inch equals 400 feet. Ground-level photography was obtained in
1988 to provide a detailed documentation of shoreline conditions and protective structures.

223. Beach profiles in Atlantic City have been monitored by the Corps of Engineers in a variety
of locations since 1936. Beginning in 1955, a series of a profile line locations was established
along the entire ocean and inlet frontage of Absecon Island, including Atlantic City, Ventnor,
Margate, and Longport. This series of profile lines was surveyed in 1955, 1962, 1965, 1988,
1993, and 1994. There are two historic profile lines on the Absecon Inlet frontage, six on the
ocean shoreline of Atlantic City, three in Ventnor, four in Margate, and four in Longport. The
profile lines typically extend from the landward crest of the beach profile (i.e., top of dune or,
where present, top of bulkhead) seaward out to the 30 ft depth contour. In order to better
document shoreline conditions for purposes of this feasibility study, the 1993 and 1994 beach
surveys were expanded to include more survey lines across Absecon Island. Most of these
additional transects replicate lines surveyed as part of the New Jersey State Beach Profile
Network. A total of 22 profile lines were surveyed in August 1993, providing a typical "summer
beach” condition and in March/April 1994, providing a typical "winter beach” condition. Figure 2
showed the locations of the various profile lines. Cross-sectional plots of the August 1993
profiles are provided in Appendix A.

224. Historic shorelines of Absecon Island were digitally mapped as part of the New Jersey
Historical Shoreline Map Series (Farrell and Leatherman, 1989). These maps include shorelines
from 1836-42, 1871-75, 1899, 1932-36, 1951-53, 1971, 1977, and 1986. The shoreline from
1993 was subsequently added as part the photogrammetry work done for this study. The
shoreline represents mean high water as determined from the digital terrain map. The shoreline
maps provide a beneficial overview of shoreline conditions through time. However, it is difficult
to evaluate and differentiate natural shoreline evolution from the effects of development and
coastal protection projects (such as beach fills and coastal structures). The numerous beach fills
placed on the northern end of Atlantic City since 1948 must be accounted for when evaluating
shoreline behavior from these maps.

225. Reports pertinent to Absecon Island were compiled and reviewed for this analysis. This
information was used to develop a qualitative, and where possible, quantitative understanding of
historic behavior of the Absecon Island ocean and inlet shorelines. These reports include:

House Document 81-538, "Atlantic City Beach Erosion Control Study®, 1950;

House Document 86-208, "Shore of New Jersey - Barmegat Inlet to Cape May Canal,
Beach Erosion Control Study", 1959,

House Document 88-298, “Atlantic City, New Jersey: Interim Hurricane Survey®, 1964,

House Document 88-325, "Atlantic City, New Jersey, Beach Erosion Control Study”,
1964;
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House Document 94-631, "New Jersey Coastal Inlets and Beaches - Barnegat Inlet to
Longport", 1976,

New Jersey Shore Protection Master Plan", Dames and Moore, for NJDEP, 1981,

"Coastal Geomorphology of New Jersey", Karl F. Nordstrom, Rutgers Center for Coastal
and Environmental Studies, 1977,

"Behavior of Beach Fill at Atlantic City, New Jersey", Everts et al., U.S. Army Engineer
Coastal Engineering Research Center, CERC Reprint 12-74, 1974,

"Beach Changes Caused by the Atlantic Coast Storm of 17 December 1970", DeWall, et
al., U.S. Army Engineer Coastal Engineering Research Center, Technical Paper 77-1,
1977,

"Beach Changes at Atlantic City, New Jersey (1962-73)", Dennis P. McCann, U.S. Army
Engineer Coastal Engineering Research Center, Miscellaneous Report 81-3, 1981;

"Evaluation of Beach Behavior and Coastal Structure Effects at Atlantic City, NJ," Robert
M. Sorensen and J. Richard Weggel, for NJDEP, 1985;

"Monitoring and Evaluation of 1986 Beach Nourishment, Atlantic City, New Jersey,"
Robert M. Sorensen, J. Richard Weggel, and Scott M. Douglass, for NJDEP, 1989.

"New Jersey Beach Profile Network Analysis of the Shoreline for Reaches 1-15, Raritan
Bay to Stow Creek," Stewart C. Farrell et al., for NJDEP, 1993.

226. Summary of Historical Shoreline Conditions. Figure 22 provides an overview of shorelines
through time from Absecon Inlet to Great Egg Harbor Inlet and vicinity, including Atlantic City,
Ventnor, Margate and Longport. Historically, the most dynamic section of shoreline is located
approximately two miles south of Absecon Inlet. This reach experienced significant landward-
seaward oscillations prior to construction of shore stabilization structures (primarily in the 1930's
and 1940's). For example, between 1842 and 1877 shoreline movements as large as 1500 ft have
occurred (McCann 1981). Construction of groins and the Oriental Avenue jetty have greatly
reduced such extreme shoreline fluctuations; however, the trend in this portion of Atlantic City
over the past four decades has been progressive erosion countered by periodic beach
nourishments (Sorensen, Weggel, and Douglass 1989).

227. The Atlantic City shoreline along Absecon Inlet progressively receded from 1836 to 1899.
The inlet shoreline has essentially remained in a similar location from 1899 to 1993 (Figure 22A).
Minimal beach exists in this area, and consists mostly of small fillets of material in the vicinity of
the Maine Avenue groins. Channel locations relative to the inlet shoreline and natural inlet
bypassing processes are further discussed in subsequent sections on the sediment budget for
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Absecon Island and shoaling analysis for Absecon Inlet.

228. Historically, shoreline change along Ventnor, Margate, and Longport has not been
evaluated to the same extent as shoreline behavior in Atlantic City. The numerous beach fills in
Atlantic City have most likely contributed to the accretionary behavior of the downdrift shorelines
along Absecon Island. Analysis of shoreline change maps shows that the Ventnor shoreline has
generally been accretionary from 1836 to the present (Figure 22B). Although more variable
through time, the overall trend along the Margate shoreline has been one of accretion. Beach
width has historically been largest in northern Margate and decreases to the south.
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229. The shoreline along Longport has fluctuated through time, although it appears to be more
stable since 1977 (Figure 22C). Construction of the terminal groin in 1953 helped to stabilize the
large oscillations in shoreline immediately adjacent to Great Egg Harbor Inlet. Presently, the
narrowest section of beach in Longport is located in the vicinity of 26th to 30th Ave.; however, it
appears that this area has been historically narrow in beach width. A brief comparison of survey
data from 1965 to 1993 for LRP 90 shows some erosion along the beach profile between July
1965 and November 1988 (although this may be accounted for by seasonal differences), and
notable accretion from 1988 through 1993 (in addition to the 1990 beach fill material).

230. History of Beach Fills. The analysis of beach profile and aerial photographic data for
Absecon Island is complicated by a number of activities, the most important being beachfill
placement. Table 15 presented a history of beach fills for Absecon Island. Beach nourishments
and other coastal construction activities have affected the otherwise normal evolution and
response of the study area shorelines to natural physical factors such as waves and tidal currents.
In order to estimate the probable "no-action” shoreline behavior, it is necessary to adjust the
observed historic shoreline changes to account for the changes attributable to the beach fills.

231. EXISTING SHORELINE CONDITIONS. Various reaches along Absecon Island were
evaluated to determine if the shoreline was stable, accreting, or eroding. Shoreline behavior was
documented using aerial photography, beach profiles, shoreline change maps, and pertinent
reports.

232. This analysis concluded that starting conditions for the base year of 2001 would best be
represented by conditions documented in 1993 for the Absecon Inlet frontage of Atlantic City and
for Ventnor Margate and Longport. Much of the Atlantic City oceanfront, however, which has
required most of the beach nourishment placed since 1948, is considered likely to experience a
progressive loss of beach width under the "no-action" scenario, although at an average long-term
rate lower than that experienced immediately following previous placements. Table 16 reflects
the average annual shoreline retreat rates which were adopted to reflect probable behavior of the
Atlantic City ocean shoreline.

Table 16
Long Term Erosion Rates

Shoreline Locations Erosion Rate (ft/yr)

Massachusetts to Pennsylvania Ave. 2.5

Pennsylvania to Martin Luther King Bivd. 2.5

Martin Luther King Blvd. to Arkansas Ave. 70

Arkansas to Brighton Ave. 7.0

Brighton to Albany Ave. 3.0
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233. The remainder of Atlantic City, as well as Ventnor, Margate, and Longport, are projected
to have no long-term erosion trend over the period of analysis for this study. Therefore, the
conditions portrayed by the 1993 beach profiles were adopted to define "no-action" conditions for
the beach recreation and storm erosion analyses.

234. Aerial photography and beach profile data from 1988, 1990 and 1993 were compared to
determine if there have been significant changes in shoreline trends. The shoreline was examined
primarily at each historical LRP profile line location. Given the natural short-term variability
typical of beach profiles in this area, this analysis concluded that the rates provided in Table 16 are
valid for the study area.

PROBLEM IDENTIFICATION

235. Water resource problems associated with the main study objectives are identified below.
The problems which exist in the study area were identified during site visits, literature review,
public and interagency coordination, surveys and aerial reconnaissance flights.

236. PROBLEM ANALYSIS. The problem categories are 1) shoreline erosion over the fong
term, 2) storm damage vulnerability with a high potential for storm-induced erosion, inundation
and wave attack which is exacerbated by long term erosion and 3) shoreline stability along inlets.

237. The principal water resources problems identified along Absecon Island are progressive
beach erosion due to long term shore processes, and the threat of storm damage. This reach of
the New Jersey shoreline was one of the earliest to be developed. The Longport seawall was built
in 1917 after the loss of the southernmost ten blocks of the community. Strides have been made
in some areas to minimize losses associated with storm damage. Such advances include building
code improvements, dune ordinances and building restrictions. Many portions of the developed
coast will remain vulnerable however, due to the proximity of structures to the beach and the level
of development.

238. LONG TERM SHORELINE EROSION. Progressive and constant erosion is evident in
certain areas of the coastline. This erosion slowly narrows the protective beach width. Atlantic
City's northern shoulder has long term erosion rates of between 2.5 and 7 feet per year.

239. It should be noted that simply because areas may have relatively stable or low background
erosion rates does not preclude the need to fully address options for additional shore protection.
Ventnor and Margate have relatively wide beaches in some areas but the dunes are small and
discontinuous. Nor does a stable historic erosion rate mean that over the course of several years
shoreline positions and elevations do not vary greatly. For example Longport, which has a
relatively stable shoreline position due to its seawall, lost a great deal of beach elevation during
the recent storms of 1991 and 1992. A lower beach elevation will allow larger waves to impact
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the oceanfront. The beach elevation regained in subsequent years is presumably concurrent with a
loss of sand in the northern beaches. Presently, much of the existing beachfront in Longport lacks
an adequate dune system and the berm width is zero in front of the seawall.

240. FLOODING AND STORM DAMAGES. The principal source of economic damages
identified along the Atlantic coast of New Jersey are storms. An accurate assessment of historic
storm damages, delineated by causal mechanism, is difficult to develop for coastal storms. Along
the study area, records of historic storm damages are poor except for the 1962 Northeaster, the
coastal storm of 1984 and the December 1992 storm.

241. The years 1991-1992 brought three significant storms to the study area. A summary of
historic storm damage information for the study area is presented in Table 17. Figures for some
of the most recent storms have not been independently confirmed and do not necessarily represent
the potential damages that could be prevented by a Federal shore protection project.

Additionally, damages which qualify for post-storm FEMA assistance do not completely capture
losses due to the storm.
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TABLE 17

HISTORIC STORM DAMAGE DATA

DATE DAMAGES NOTES
9/1889 $50,000 s sy Heinz Pier, Atlantic City
10/1896 $33,000 awss) Atlantic City

9/38 $70,000 asss sy Brigantine to Atlantic City

9/44 $5,000,000 (1544 5 Atlantic City; 62% attributable to wave damage.
$1,000,000 ases 5) Ventnor, Margate, Longport

11/5¢ $564,000 (9s05) Absecon Island
$100,000 assosy Longport

3/62 $21,634,700 ass2sy | Absecon Island; 10% attributable to wave action
3/84 $1,450,325 qoms) Atlantic County

10/91 $13,000,000 Atlantic County (initial amount claimed by
County)
1/92 $2,650,000 Absecon Island (NJDEP estimate to repair beaches
only)
12/92 $1,183,854 Atlantic City
$ 259,405 Ventnor
$ 437,070 Margate
$ 125,199 Longport
$2,600,000 Atlantic County (FEMA qualified damages)

242. SHORELINE STABILITY ALONG INLETS. Shorelines in the vicinity of inlets are
particularly difficult to predict yet their equilibrium is easy to disturb. Inlet channels which
separate New Jersey’s offset barrier islands typically hug the southern shoreline. Coupled with
extensive development, these inlet frontages are subject to erosional pressure exerted by the
location of the channet and waves entering the inlet from the northeast. Absecon Inlet frontage
has been devoid of a beach since the stabilization of the inlet in the 1940's and 1950's.

243. Local reversals in the littoral transport are dominated by the tidal influence at the inlet, and
the extent and location of shoals. This can be seen at the northern shoulder of Atlantic City. An
example of the emphemoral nature of sandy beaches at an inlet is the erosion of the fillet at the
southern end of Longport. In 1993, the configuration reverted to a condition which existed in the
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1970's. In response, NJDEP placed a rock revetment at the bulkhead to prevent continued rapid
erosion. Shortly thereafter, the beach returned.

244. PROBLEM IDENTIFICATION BY AREA. The study area has been subdivided into two
distinct areas. Problems specific to each area are listed as foliows.

245. Absecon Inlet Frontage - Atlantic City. The northeast facing orientation of Atlantic City's

inlet frontage increases its vulnerability to storm damage. Also adding to its exposure is the lack
of protective beach. When the Maine Avenue groins were constructed in the 1930's and 1940's,
the shoreline was stabilized although the beach disappeared (see figure 23). The Absecon Inlet
Federal Navigation Project completed in 1957 located the channel in its present location which
can be discerned from Figure 24. Since that time, relocation of the inlet channel to the northeast
has been considered on numerous occasions in an effort to reduce erosional pressure on the inlet
frontage. The damage to boardwalk, roads, bulkheads and buildings during the winter storms of
1991-1992 reiterate the need to review shore protect'on ideas in the inlet.

246. Plans will be formulated which will address the damage mechanisms along the inlet frontage.



Figure 23

Absecon Inlet, NJ

South Side (Atlantic City)

Looking N-NW

19 December 1992
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Figure 24




105

247. Absecon Island Oceanfront. Of all the New Jersey barrier islands, Absecon Istand
historically suffers the greatest damage during coastal storms. As shown earlier in Table 15,
Atlantic City has received several large beachfills since at least 1936 in an effort to maintain a
beach along the northern end. A series of groins is in place in an attempt to stabilize the shoreline,
especially in the area of Martin Luther King Blvd. where the shoreline geometry begines to
change.

248. To the south of Atlantic City, the communities of Ventnor and Margate have very gently
sloping, low elevation beaches with berm widths of approximately 50 to 150 & The low
elevation became quite evident during the recent storms when flooding from the ocean side
occurred despite the bulkheads. The majority of residential structures on Absecon Island are
older homes built on slab foundations. This type of foundation is known to be less resistant to the
damaging forces of major storm events.

249. The Borough of Longport is a narrow barrier island community poised precariously in Great
Egg Harbor Inlet as seen in Figures 25 and 26. These figures also show how changes in beach
width can occur. Note the cul-de-sac and location of homes at the southernmost end. Presently,
subaerial beach is virtually nonexistent in many sections of the borough, nor are there any dunes.
Protection is in the form of a curved face concrete seawall and timber bulkhead. A portion of the
bulkhead failed during the storm of 4 January 1992 with subsequent damage to property in the
vicinity of 32nd Street. Although massive, the concrete seawall has sufferred failure in the past
due to undermining.
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Figure 26
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WITHOUT PROJECT CONDITIONS

250. The without project condition for this study made certain assumptions. The assumptions
that follow were used in determining the future condition of the study area for the fifty year
period following the base year which is 2001.

1) Long term erosion will continue with no action by local concerns to correct or reduce
the erosion until the erosion reaches a fixed point. That point is usually a bulkhead or other shore
protection structure.

2) Replacement of damaged structures is assumed to be in kind for both buildings and
shore protection structures.

WITHOUT PROJECT HYDRAULIC ANALYSIS

251. STORM EROSION, INUNDATION AND WAVE ATTACK ANALYSES. Storm
erosion, inundation and wave attack analyses were conducted for the Absecon Island oceanfront
and inlet shorelines to determine the potential for erosion caused by waves and elevated water
levels which accompany storms. Storm-induced erosion and coastal flooding is first evaluated for
the without project or "no-action" condition, which is a projection of existing conditions in the
base year of 2001. Similar analyses will then be conducted using selected alternatives for the with
project conditions.

252. Factors Influencing Storm Effects. A brief summary of the mechanisms which result in
beach and community erosion and inundation from coastal storms is provided in this section.
Although wind, storm track, and precipitation are the primary meteorological factors affecting the
damage potential of coastal storms, the major causes of damage and loss of life are storm surge,
storm duration, and wave action.

253. Under storm conditions, there is typically a net increase in the ocean water level which is
superimposed on the normal astronomic tide height fluctuations. The increase in water level
caused by the storm is referred to as "storm surge." The effect of storm surge on the coast
depends on the interaction between the normal astronomic tide and storm-produced water level
rise. For example, if the time of normal high tide coincides with the maximum surge, the overail
effect will be greater. If the surge occurs at low or falling tide, the impact will likely be lessened.
The term "stage” as applied in this analysis pertains to the total water elevation, including both
tide and storm surge components, relative to a reference datum (NGVD, used herein). The term
"surge"” is defined as the difference between the observed stage and the stage that is predicted to
occur due to normal tidal forces, and is thus a good indicator of the magnitude of storm intensity.
Slowly moving "northeasters” may continue to build a surge that lasts through several high tides.
Such a condition occurred during the devastating March 1962 storm which lasted for five high
tides.
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254 In addition to storm surge, a rise in water level in the near shore can occur due to wave
setup. Although short period surface waves are responsible for minimal mass transport in the
direction of wave propagation in open water, they cause significant transport near shore upon
breaking. Water propelled landward due to breaking waves occurs rather rapidly, but water
returned seaward under the influence of gravity is slower. This difference in transport rates in the
onshore and offshore directions results in a pileup of water near shore referred to as wave setup.
Wave setup was computed and included in this storm analysis for Absecon Island.

255. There is typically also an increase in absolute wave height and wave steepness (the ratio of
wave height to wave length). When these factors combine under storm conditions, the higher,
steeper waves and elevated ocean stage cause a seaward transport of material from the beach
face. The net movement of material is from the foreshore seaward toward the surf zone. This
offshore transport creates a wider, flatter nearshore zone over which the incident waves break and
dissipate energy.

256. Lastly, coastal structures can be exposed to the direct impact of waves and high velocity
runup in addition to stillwater flooding. This phenomenon will be considered wave attack for the
purpose of this analysis. Reducing wave attack with a proposed project such as a beach fill would
reduce the severity of coastal storm damage and also improve the utility of bulkheads and
seawalls during the storm.

257. Wave zones are the regions in which at least a 3 foot wave or a velocity flow that overtops
the profile crest by 3 feet can be expected to exist. These zones are the areas in which greater
structural damages are expected to occur. The remaining zones are susceptible to flooding by
overtopping and waves less than the minimum of 3 feet. Total water level information for the
study area was compiled, and the values used as input to the economic mode! which uitimately
computes damages associated with all three storm related damage mechanisms.

258. MODELING STORM-INDUCED EROSION. Analyses of storm-related erosion for
coastal sites require either a long period of record over which the important storm parameters as
well as the resultant storm erosion are quantified, or a mode! which is capable of realistically
simulating erosion effects of a particular set of storm parameters acting on a given beach
configuration. There are very few locations for which the necessary period of prototype
information is available to perform an empirical analysis of storm-induced erosion. This is
primarily due to the difficulty of directly measuring many important beach geometry and storm
parameters, before, during, and immediately after a storm. Thus, a systematic evaluation of
erosion under a range of possible starting conditions requires that a numerical model approach be
adopted for the study area.

259. The USACE has developed, released and adopted the numerical storm-erosion model
SBEACH (Storm induced BEAch CHange) for use in field offices (Rosati, et al,, 1993).
SBEACH is available via a user interface available for the personal computer, or through the
Coastal Modeling System (CMS) (Cialone et al., 1992). Comprehensive descriptions of
development, testing, and application of the model are contained in Reports 1 and 2 of the



110

SBEACH series {(Larson and Kraus 1989; Larson, Kraus, and Byres 1990).

260. Overview of SBEACH Methodology. SBEACH Version 3.0 was used in this analysis.
SBEACH is a geomorphic-based two-dimensional model which simulates beach profile change,
including the formation and movement of major morphologic features such as longshore bars,
troughs, and berms, under varying storm waves and water levels (Rosati, et al. 1993). SBEACH
has significant capabilities that make it useful for quantitative and qualitative investigation of
short-term, beach profile response to storms. However, since SBEACH is based on cross-shore
processes, there are shortcomings when used in areas having significant longshore transport.

261. Input parameters include varying water levels as produced by storm surge and tide, varying
wave heights and periods, and grain size in the fine-to-medium sand range. The initial beach
profile can be input as either an idealized dune and berm configuration or as a surveyed total
profile configuration. SBEACH allows for variable cross-shore grid spacing, simulated water-
level setup due to wind, advanced procedures for calculating the wave breaking index and breaker
decay, and provides an estimation of dune overwash. Shoreward boundary conditions that may
be specified include a vertical structure (that can fail due to either excessive scour or instability
caused by wave actior/water elevation) or a beach with a dune, Output results from SBEACH
include calculated profiles, cross-shore parameters, a log for each SBEACH run, and a report file.

262. SBEACH Calibration. Calibration refers to the procedure of reproducing with SBEACH
the change in profile shape produced by an actual storm. Due to the empirical foundation of
SBEACH and the natural variability that occurs along the beach during storms, the modei should
be calibrated using data from beach profiles surveyed before and after storms at the project coast
or a similar coast. The calibration procedure involves iterative adjustments of controlling
simulation parameters until agreement is obtained between measured and simulated profiles.

263. The best profile data set for calibration along the Absecon Island study area consisted of
USACE profile surveys taken at Ocean City, NJ prior to and just after the December 1992 storm.
Shoreline configuration, grain size, and coastal processes at Ocean City, NJ are similar to those
for the Absecon Island study area, therefore, calibration using this well-documented pre- and
post-storm data is considered sound. Additionally, a wave hindcast of the December 1992 storm
(Andrews Miiler, 1993) was prepared for the Philadelphia District, and water level data for the
storm was recorded at the Atlantic City tide gage. Initial calibration simulations produced
insufficient erosion when compared 10 the post-storm profile data. With CERC's assistance,
minor modifications were made to the SBEACH program to allow for factors particular to the
southern New Jersey coastline, Final calibration was satisfactorily completed and typical
calibration plots are provided in Appendix A. Controlling simulation parameters determined for
the Absecon Island study area are as follows:
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K =2.5e-6 m*/N
EPS = 0.005m%/sec
LAMM =0.10
BMAX =40 deg
Dy, = 0.24 mm

where K is the empirical transport rate coefficient, EPS is the coefficient for the slope dependant
term, LAMM is the transpot rate decay coefficient multiplier, BMAX is the maximum profile
slope prior to avalanching, and Dy, is the effective grain size.

264. Development of Input Data for Storm Erosion Modeling. Transects were selected
representing the "average" shoreline, structure, backshore configuration, and upland development
conditions for various reaches in the study area. Storm erosion and inundation were computed
relative to both a designated baseline and reference line. The reference line lies 200 ft seaward of
the baseline as shown in Figure 27. The erosion results presented later in this section are provided
relative to the reference line.
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265. Input data was developed for all of Absecon Island with the exception of the shoreline
along Absecon Inlet. This area was analyzed for inundation, erosion and wave attack separately
using Shore Protection Manual methods since it does not have a profile appropriate for
SBEACH's modeling capabilities. Additionally, the shoreline near the Oriental Ave. jetty and the
Longport terminal groin were modelled with particular caution due to their proximity to Absecon
and Great Egg Harbor Inlets, respectively.

266. Profile Data, Input beach profile data was developed from the onshore/offshore survey data
collected for Absecon Island in August 1993. Six representative profiles were constructed to
represent different sections of the Absecon Island shoreline as shown in Table 18. Each profile
was extended landward approximately 1000 £, using digital photogrammetry data, to allow for
erosion and inundation computations into the community. Plots of the surveyed profile lines and
the constructed representative lines used as input to SBEACH can be found in Appendix A.

Table 18
Average Profile Line Coverage for Absecon Island Qceanfront

Representative Profile Line Number | Shoreline Represented by Profile Line

1 Oriental Ave. to Vermont Ave.

2 Vermont Ave. to Massachusetts Ave.

3 Massachusetts Ave. to Arkansas Ave.

4 Arkansas Ave. to Jackson Ave.

s Jackson Ave. to Portland Ave.; Richards Ave. to
Kenyon Ave; Sumner Ave. to the
Margate/Longport boundary.

6 Portland Ave. to Richards Ave.; Kenyon Ave. to
Sumner Ave.; Longport/Margate boundary to 11th
Ave.

267. Based on long-term erosion effects described in the Shoreline Conditions section , the
developed input profiles represent the predicted beach in the base year. Because the Atlantic City
shoreline between Massachusetts and Albany Ave. has exhibited a substantial long-term erosion
trend, it was necessary to estimate the location of the erosion scarp at ten year intervals from the
project base year assuming a continuation of the historic erosion pattern. The long-term erosion
rates used for this task were presented in Table 16. SBEACH was then run for each of the
eroded profiles in 10-year intervals from the base year through a S0-year project life period.
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268. Model Parameters. Various model parameters required to run SBEACH are included in the
input configuration file. The configuration file is separated into five sections: A - Model Setup; B
- Waves/Water Elevation/Wind; C - Beach; D - Beach Fill; and E - Seawall/Revetment. Section
A (Model Setup) deals with the initial and measured profiles, grid arrangement, output
parameters, and calibration parameters. Section B facilitates entry of information about waves,
water elevations, and winds. Section C allows entry of basic information related to beach profile
data, and Section D allows for definition of a beach fill placed on the initial profile. An example
configuration file is provided in Appendix A.

269. In Section E of the configuration file, the location and failure criteria for a seawall or
revetment can be entered. Unlike many other storm erosion models, SBEACH can account for
the presence of a vertical structure such as a seawall or bulkhead. The majority of Absecon
Island, especially Ventnor, Margate, and Longport, is fronted with a nearly continuous line of
some type of bulkhead or seawall. These structures were accounted for by inputing their
tocations along the profile along with appropriate failure criteria by waves, water levels, and
profile scour. In Atlantic City, the concrete footings of the large buildings such as the casinos
were treated in the model as unfailable seawalls. The northernmost and southernmost sections of
Atlantic City have intermittent private bulkheads which were considered to not represent
“average” conditions for those areas.

270. Water Elevation. The water level is the most important or first-order forcing parameter
controlling storm-induced beach profile change, normally exerting greater control over profile
change during storms than either waves or wind. Water level consists of contributions from the
tide, storm surge, wave- and wind-induced setup, and wave runup; the latter three are computed
within SBEACH. Input data in this case is tide and storm surge data. The combined time series
of tide and surge is referred to as the hydrograph of total water level. The shape of the
hydrograph is characterized by its duration (time when erosive wave conditions and higher than
normal water elevation occur) and by its peak elevation.

271. Water level input data files for representativ 5-, 10-, 20-, 50-, 100-, 200-, and 500-yr events
were developed for Absecon Island as part of the wave hindcast study conducted by OCTL. The
Gumbel distribution (Fisher-Tippett Type I) was used. Extrapolation to higher recurrence
intervals is more uncertain and it is generally recognized that this should not be extended to
recurrence intervals greater than 2-3 times the length of the period over which the population is
drawn . Therefore, extrapolation to the 200 and 500-yr events will contain the most uncertainty.

272. Wave Height, Period, and Angle. Elevated water levels accompanying storms allow waves
to attack portions of the profile that are out of equilibrium with wave action because the area of
the beach is not normally inundated. Wave height and period are combined in an empirical
equation within SBEACH to determine if the beach will erode or accrete for a time step. In beach
erosion modeling, a storm is defined neither by the water level nor by the wave height or period
alone, but by the combination of these parameters that produces offshore transport.

273. The SBEACH Version 3.0 allows for the input of random wave data, that is, waves with
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variable height, period, and direction or angle. The storm wave data used in this analysis were
generated in the OCTI wave hindcast described previously for the seven representative events.
Storm wave heights, as well as water levels, were developed by rescaling hindcasted actual storm
time series.

274. Storm Parameters. A variety of data sources were used to characterize the storms used in
this analysis. The twenty highest ocean stages recorded at the Atlantic City tide gage between
1912 and 1994 were listed in Table 12. For each stage, additional information on the storm type
causing the water surface elevation and if possible the actual storm surge hydrograph were
obtained. Of the 20 highest events, 12 are northeasters and 8 are hurricanes. The duration of
hurricanes along the New Jersey shore is generally less than 24 hours, while the average duration
of northeasters is on the order of 40 hours, and in some cases (e.g., 5-7 March 1962) considerably
longer. Though actual storm surge hydrographs are not available for all storm events, it was
assumed that all hurricanes exhibit similar characteristics to one another. Northeasters
demonstrate similar features; however, durations may vary significantly from storm to storm.

275. Storm Erosion Simulations. The SBEACH model was applied to predict storm-induced
erosion for the Absecon Istand study area. All representative storm events were run against the
six average pre-storm profiles. Model output for each simulation includes a post-storm profile
plot, and several report and post-processing files. Simulation results from each particular
combination of profile geometry and storm characteristics yield predicted profile retreat at three
selected elevation contours. In this analysis, profile retreat for any given storm event was
measured landward from the proposed project construction base line to the location of the top of
the erosion scarp on the beach face. Typical plots of input pre-storm profiles and the resuitant
post-storm profiles based on SBEACH predicted retreat are provided in Appendix A.

276. A large portion of the Absecon Island coastline is structured with some type of bulkhead or
seawall. Additionally, geotubes have been placed along portions of Atlantic City as shoreline
protection structures. In order for storm erosion to affect the community, the geotube, bulkhead
or seawall must fail. The SBEACH simulates failure through a number of mechanisms including
storm induced scour at the toe of the structure, direct wave attack, or inundation. Failure criteria
for protective structures were developed based on a synthesis of available data, including design
and construction information, existing condition typical cross-sections, and field inspection of the
structures. The appropriate failure criteria were input to the SBEACH configuration file for each
profile. Model simulations typically resulted in failure of the bulkheads by excessive water
elevation at the 100, 200, and 500-year storms. The SBEACH does not have the capability to
accurately model the geotube structures therefore other analysis techniques and engineering
judgement were used to account for geotube failure. For the without project condition, these
structures fail during the 50 year storm.

277. Analysis of Erosion Model Results. Two approaches can be taken to estimate storm-
induced beach erosion: the "design-storm" and the "storm-ensemble” approach. For the storm-
ensemble approach, erosion rates are calculated from a large number of historical storms and then
ranked statistically to yield an erosion-frequency curve. In the design-storm approach, the
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modeled storm is either a hypothetical or historical event that produces a specific storm surge
hydrograph and wave condition of the desired frequency. The design-storm approach was used in
the storm erosion and inundation analyses for Absecon Island. Volumetric erosion into the
community per unit length of shoreline can subsequently be computed from the pre- and post-
storm profiles.

278. Results of the without project storm erosion analysis are presented in Table 19. The
predicted shoreline erosion positions are reported relative to the reference line. For those areas
with protective structures, zero erosion into the community is reported until structure failure
occurs. These erosion values were offset appropriately for various areas and were used as input
to the economic model which ultimately computes storm damages associated with storm-related
erosion.

Tabie 19
Storm Erosion Analysis
Predicted Without Project Shoreline Erosion Positions

Representative Erosion Position ()"
Profile S5yr |10yr |20yr  [S0yr |100yc | 200yr | S00yr
17 500 505 510 530 550 660 700
2¥ 0 0 0 455 475 500 520
3 145 155 160 170 175 185 210
4 240 250 290 320 360 380 400
5 90 95 100 110 310 320 325
6% 190 195 198 198 400 415 425
Note:

1/ Distances reported are landward crosion limits of the beach prolile landward of the Reference Line.
2/ Landward edge of boardwalk located at 720 1.

3/ Erosion for portions with geotube truncaied at 0; landward edge of boardwalk at 360 ft.

4/ Unfailable scawall located at 254 fi.

5/ Landward edge of boardwalk at 295 1.

6/ Bulkhead located at 200 ft.

279. STORM INUNDATION EVALUATION. The project area is subject to inundation from
several sources including ocean waves overtopping the beach and/or protective structures as welt
as flooding from the back bay. The inundation can be analyzed as two separate categories: 1)
Static flooding due to superelevation of the water surfaces surrounding the project area and 2)
wave attack, the direct impact of waves and high energy runup on coastal structures.
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280. In order to quantify the effects from flooding and wave attack, all inundation events are
based on the ocean stage frequency discussed in an earlier section. Because the wave-effect
contribution to total water level at the shoreline can be significant, wave setup is estimated and
added to the stage-frequency curve for determination of inundation effects. Higher water
elevations associated with wave runup (unique from wave setup) were also estimated at all
vertical structures and profile crest locations.

281. Setup. Effects due to wave setup are considered in the inundation-stage frequency curve.
In this analysis, setup was estimated using the Wave Information Study (WIS) Report 30, Shore
Protection Manual techniques, and the Automated Coastal Engineering System's (ACES) routine
for "Extremal Significant Wave Height Analysis.”" Table 20 presents the adopted total inundation
stage-frequency data at selected recurrence intervals.

Table 20

Inundation Frequency

Stage Plus Wave Setup
Year Event Annual Probability of Water Surface Elevation (ft,

Exceedence NGVD)

5 0.20 94
HY 0.10 10.0
20 0.05 10.6
50 0.02 11.8
100 0.01 12.9
200 0.005 13.9
500 0.002 15.5

282. Runup. Wave runup was calculated using Shore Protection Manual techniques and the
ACES routine for "Wave Runup and Overtopping and Impermeable Structures" and "Irregular
Wave Runup on Beaches." Runup was evaluated for both vertical bulkhead structures and the
curved concrete seawall, as well as irregular runup on beaches and dunes. Based on the Federal
Emergency Management Agency (FEMA) methodology used in the inundation analysis, runup
was evaluated to determine if it was greater than or less than the 3 ft above crest elevation
criteria. Estimates of wave runup at each storm frequency were then included in the inundation
analysis

283. Flooding. The project area is subject to flooding from back bay and adjacent waterways as
well as direct ocean inundation. This elevated stage flooding is referred to as back bay stillwater
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flooding. Construction of a shore protection feature will not significantly reduce the flood depths
caused by the elevated stage of the back bay waters. This flooding is accounted for by subtracting
the residual damages due to back bay flooding from the damages caused by ocean front
inundation.

284. WAVE ATTACK. Coastal structures can be exposed to forces in addition to stillwater
flooding which are attributed to the direct impact of waves and high velocity runup and
overtopping. These combined phenomena will be considered the wave attack for the purpose of
this analysis. The inland wave attack and inundation methodology used in this evaluation is based
upon FEMA guidelines for coastal flooding analysis. The procedure divides possible storm
conditions into four cases briefly described below:

Case 1 (shown in Figure 28): Entire storm-generated profile is inundated.

Case 2 (shown in Figure 29): The top of the dune/profile crest is above the maximum
water level, with wave runup greater than 3 feet above the dune crest elevation.

Case 3 (shown in Figure 30). The top of the dune/profile crest is above the maximum
water level, with wave runup exceeding but less than 3 feet above the dune crest elevation.

Case 4 (shown in Figure 31): The wave runup does not overtop the dune, the wave zone
is limited to seaward of the dune.

285. Criteria for Damage. To evaiuate the added potential for structural damage, the boundaries
of the wave attack must be delineated, and the critical damage wave height identified. Return
periods of 5, 10, 20, 50, 100, 200, and 500 years associated with the inundation-frequency curve
were evaluated. The analysis estimates the location of a wave attack line and the associated zones
of high energy stages. The wave attack line is the most landward position of the swash zone
where the force due to waves exceeds the force required to damage typical coastal structures.
Any structure located landward of this line is subject to the equivalent of stillwater flooding
because the wave heights are not sufficient to cause the accelerated damages incurred seaward of
the wave attack line.

286. A 3.0-ft wave height is assumed as the minimum wave that would cause damage to typical
structures. This is based on the Corps of Engineers report “Guidelines for Identifying Coastal
High Hazard Zones", and the FEMA's report "Guidelines and Specifications for Wave Elevation
Determination and V-Zone Mapping", which both report a 3.0-ft wave height as the critical wave
for damage.
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287. The bulkheads, revetments, and seawalls located in the project area reduce the direct impact
from wave attack and erosion damage. For all but the most extreme events, failure of the
protective structures is required for significant wave attack to occur. However, extreme waves
on certain profiles can plunge over the fixed barriers and attack the adjacent structures causing
significant damage. The recurrence intervals in which the protective structures will fail for each
area were determined previously in conjunction with the erosion analysis.

288. WITHOUT PROJECT INUNDATION AND WAVE ATTACK RESULTS. Table21
provides an example of the computed inundaiion/wave profile for Atlantic City in the vicinity of
Albany to Jackson Ave. Similar inundation profiles were computed for other reaches in the study
area to determine the total water level along the beach profile and into the community. The
effects of stage plus setup, wave amplitude, wave runup at structures or berm crest location were
incorporated into the total water level. The total water level is the combination of the computed
stage, the setup (which is a superelevation of the water surface at the shoreline caused by larger
storm waves breaking offshore and piling up on the beachface), the amplitude of the maximum
non-breaking wave that can exist within the region, and runup height above the estimated water
level if waves are breaking on the beach face.
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Table 21

Without Project Inundation/'Wave Analysis - Typical Inundation and Wave Profile

INUNDATION PROFILE  DISTANCE FROM REFERENCE LINE AND TOTAL WATER LEVEL POINT
Storm Event Distance from Reference Line (ft) Total Water Elevation
(NGVD)
S Year 0 121
190 10.5
362 9.6
433 13
a3 63
1000 63
10 Year [} 129
190 13
362 104
433 10.1
4 %9
1000 6.3
20 Yenr o K1
. 190 2.5
3% s
433 1.2
483 10.0
1000 12
30 Year L] 15.9
190 144
390 134
433 130
"3 1n.s
1000 8.2
100 Year o 179
190 168
433 154
483 133
533 128
1000 9.2
200 Year [} 9.7
190 182
" 12
483 155
33 141
1000 10.1
500 Year L] 27
160 214
433 202
13.6
533 17.1
1000 11.3
I ——

WAVE IMPACT ZONES - DISTANCE Landward from Reference Line (Feet)

S Year: 270

10 Year: 280
20 Year: 320
50 Year: 415
100 Year: 490
200 Year: 680
500 Year: 900
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WITHOUT PROJECT ECONOMIC ANALYSIS

289, The following section details the economic analysis performed to evaluste the damages for
the without project conditions on Absecon Isiand. Damage categories evaluated inchude
reduction in storm erosion and waveinundation damages. The basic underbying assumptions
inglude a discount ate of 7 5/8%, October 1995 price fevel, a 30 year project life, and a brase vear
of 2001,

290, STRUCTURE INVENTORY AND REPLACEMENT COSTS. The study area was
delineated nto the following three reaches: (1.) the inet area of Attantic City, {2.) the oceanfront
of Atlantic City, and {3.) Ventnor, Margate and Longport based on the physics! setting, hydraulic
and economic factors,  All analyses were done on a veach by reach basis and used 10 caleulate
without project total damages. A database containing approximately 330 ocean block struciures
in Longper, 330 in Margate, 230 in Ventnor, 310 in Atlantic City op the oceanfront and 43 on
the infet frontage of Atlantic City was compifed. Each strusture was specifically inventoried and
mapped on aerial pholography at a scate of 1"=50". information collected includes address,
construction and guality type, number of stories, first floor elevations, ground edevations and
foundation type. For multi-farnily vesidential and commercial structures the mumber of units and
names of businesses were also gatherad. :

291, The sssimilation of this daty was enhanced by using serinl ortho-digital mapping and the
geographic information sysiem, MIPS (Micro Imaging Processing Systens), This information,
along with quality and condition of a structure, was sntered into the Marshall and Swift
Residential and Commercial Software Estimators which calculates depreciated replacement cost
value, Ondy the replacement cost value for the frst two floors (voinerable to storm damage) of
high rise busldings ani vasings were entered into the database and used 1o estimate damages. The
associated content value of each structure was estimated to be 40% of the structursl replacement
enst.

292, The structure inventory consists of single family homes, swlti-family dwellings such as
apartment and condominium buildings, and commercial establishments such as hotel-casines,
multi-unit retail structures, arcades, malls and office and public buildings. Lozal officials, and
redevelopment agencies kave embarked upon substantiat development plans for the Inlet ares.
Almosgt 200 townhouses have been constructed recently. Land acquisition and remediation has
been conducted 1o commence construction of two mid-rise multi-unit complexes of simiar
construgtion 1o an existing mulii-unit building (Ocean Terrace) in the area, and conceptual plans
for & water park have been designed. '

293, In Attantic City, the inclusion of multi-unit comrmercial struciures may resuft in higher
squivaient annusl damages thah a database weighted with more residential structires, The
database consisis of over 30 structures classified 2s hotele/casings, a shopping mall, and a
copvention center. The estimated total replacement cost for alf structures is over 600 million
dollars and contain 200 miflion dollars in content replacement cost.  The average replacement
cost for residential structures inch:ded in the database for Atlantic City Inlet, Atlamic City
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Oceanfront, and Ventnor, Margate, Longport are $196,00, $248,000, and $294,000, respectively.
The average replacement cost for commercial structures and contents (hotels/casinos; mails, etc.)
included in the database for Atlantic City Inlet, Atlantic City Oceanfront, and Ventnor, Margate,
Longport are $3.9, $2.9, and $1.8 million, respectively. The inventory of structures in each area
extended approximately one biock from the oceanfront or inlet frontage.

294. The communities of Ventnor, Margate, and Longport were evaluated as one unit due to
their similarities. Land-use is primarily residential with relatively few commercial lots in proximity
to the ocean. Most commercial activities are located in the resort city of Ventnor. Development
is continuous along the oceanfront of Ventnor, Margate, and Longport. As shown in the table
below, several hydraulic parameters or shoreline characteristics are also comparable.

Table 21A
Structure Characteristics for Ventnor, Margate and Longport

Characteristics Ventnor Margate Longport
# of Structures/Mile 137 199 235
Type of Development residential residential residential
Long Term Erosion Rate 0 ft/yr. 0 ftfyr. 0 ft/yr.
Direction of Littoral Transport southwest southwest southwest
Orientation of Shoreline northeast to northeast to northeast to

southwest southwest southwest
Seawall/Bulkhead Fails 100 year event 100 year event 100 year event
Primary Damage Mechanism wave-inundation | wave-inundation | wave-inundation

295. The study area was delineated into the following three reaches: (1.) the inlet area of
Atlantic City, (2.) the oceanfront of Atlantic City, and (3.) Ventnor, Margate and Longport based
on the physical setting, hydraulic and economic factors. All analyses were done on a reach by -
reach basis and used to calculate without project total damages.

296. STORM DAMAGES. Damages (for without and with project conditions) were calculated
for seven frequency storm events (5, 10, 20, 50, 100, 200, and 500 year events) for erosion, wave
and inundation damage to structures, infrastructure and improved property. The calculations
were performed using COSTDAM. COSTDAM is a Fortran program originally written by the
Wilmington District and updated for the Philadelphia District. COSTDAM reads an ASCII
‘Control' file which contains the storm frequency parameters for each cell and an ASCII 'Structure'
file which contains the database information of each structure as previously described. A sample
of this structure file is provided in Table 22. COSTDAM checks if a structure has been damaged
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by wave attack, based on the refationship between a structure’s first floor elevation and the total
witer elevation that sustains @ wave. Then COSTDAM checks for erosion damage at a structure.
Finally, COSTDAM caleulates inundation damages if the water elevation is higher than the first
floor elevation based on FIA depth-damage curves adjusted for increased sakt water damagibRity,
T avoid double counting, if damage oocurs by more than one mechanism, COSTDAM takes the
maximu darage of any given mechantsm {wave, erpsion, inundation) and drops the rest of the
damages from the structure's total dameges. (See Figure 32 for illustration ) Average annual
damapes are calculated for sach reach,

TABLE 22
STRUCTURE FBLE EXCERPT
VI52210 A3 2210840 221 BB.803504 1)
V132330 3096 332730570 290 1316507508 |-}
V132232 3700 389310432 193 [ET.803804 11
Vi52233 4161 4367104310 188, 75.503%04 bt
MEG3064G 4i88 4368 9739 237 43503504 1.
Mi63001 36RO 3863 12425 25 00503504 14
M1630062 679 3314186303 266 06 BOTSOR 1-1
Mi63003 2563 2809180627 208 119507808 |-}
Mia3004 FI8Y 233910431 273 [09.803804 t-}
MI63005 2§22 225210427 256 02 R03884 1-%
MGG 2645 2R17 10836 322 129507508 |-

Crduanns 1-3 contams the OodF Y (formms-A3)

Codurnns $-% pontain e Simctare B format-AG]L

Codumny 1019 are blonk,

Coiusnaes FO-27 contiein distance 10 fromt of sinstare format-FR. £}
Cabianns 28-13 contain distano: to middle of siosctare dormas F8.1)
Columns M- contain the growssd elevotion {formaeb3. 1)

Cabamns 4 44 contin e divtince beiseen the Thst oor and the ground (formatd™. 1)
Cobumans 43-33 comtain the siraetire epitcement cost vatue {format-F3 0}
Cotumng 5462 contain content replacement toxt value (format-F3.03
Cobumns 6363 coptain the straciure depth demage curve (fomreat-A 33
Colmny 66-6% coniain the eontont depth dathags cune [fmmat-Ad)
Cotusmns 69-70 contuin 2 code i make simemre “setive” ( fiomut 133

i TH.T2 i 1he o category {framat-17

E
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297. EROSION DAMAGES. The distance between the reference (profile) line and the
oceanfront and back walls were measured in AutoCAD using the georeferenced MIPS mapping of
the study area. This technique reduces the amount of human error and photographic distortion
relative to the technique used in the reconnaissance study. For the structure damage/failure
analysis, it was assumed that a structure is destroyed at the point that the land below the structure
is eroded halfway through the structure's footprint if the structure is not on a pile foundation. If
the structure is on piles, the land below the structure must have eroded through the footprint of
the structure before total damage is claimed. Prior to this, for both foundation types, the percent
damage claimed is equal to the linear proportion of erosion under the structure's footprint relative
to the total damage point.

298. For townhouse/rowhouse structures perpendicular to the ocean, each unit has unique ocean
and back wall distances due to the local building ordinance which mandates that every unit have
two hour firewalls. These walls should provide enough stability that townhouse units in a building
can remain standing and be utilized after the unit(s) closer to the ocean is/are damaged. This has
no bearing on townhouse units parallel to the ocean which would all have the same erosion point,
because they are essentially equal distance from the reference line. Other multi-family structures,
such as apartments and condominiums, will not have unique erosion points for each unit, because
most of these structures were built before the local ordinance mandating firewalls was in place.
Large high rise structures, such as apartment buildings, hotels and casinos, are not subjected to
total erosion damage by undermining because of their deep piled foundations.

299. In addition to erosion damage to structures, damage to the land the structures are on (hence
forth called improved property) was calculated. The improved property value was determined by
comparing market value of the improved property to the cost of filling in the eroded land for
reutilization and using the least expensive of the two values. The cost of filling/restoring the
improved property is based on a typical 100'x50' lot for the different depths, widths and cubic
yards of erosion produced by storms. The cost of filling/restoring the eroded improved property
was determined to be the cheaper of the two and the cost of fill was prorated for the width of
each reach to estimate total damages.

300. Erosion damages for infrastructure are also calculated. The infrastructure damage category
included damage to roads, utilities, the boardwalk, bulkhead, and geotubes. The replacement
cost of infrastructure does not necessarily relate to the number of structures in the area. Road and
utilities replacement costs consisted of fixed and variable costs based on ranges of feet of
replacement/repair. In general, the replacement cost of roads decreased with greater quantities
eroded reflecting economies of scale. Distance from a reference line (back of the boardwalk) and
feet of erosion per event for each road and associated utilities were used to determine damage
susceptibility. Atlantic City alone has over sixty streets which are perpendicular to the boardwalk.

301. The boardwalk in Atlantic City is approximately 18,000 feet long and ranges in width from
20 feet to 60 feet, for which replacement costs ranged from $315 to $3,925 per linear foot. The
following criteria were used to determine boardwalk damage susceptibility: (1) if the reference
point for the boardwalk was within the wave zone for an event; (2) if the wave zone extended
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beyond the Ront of the boardwalk; and (3) if the water elevation was grester than or equal to the
boardwalk clevation. Bullchead damags was based on selection by hydraulic engineers of a
probable damage/failure event. Casts to replace bulkieads are sstimated to be 390G per linear
foot, Geotubes were pisced on the beach in Adastic City for erosion protection at an
approximate cost of 357 per linear font. Geotube fallure was determined to octur by the S0.year
storm event.

302 Damage to infrastructure and the boardwadk in particular has historically been significant,
espegially in Atlantic City. Boardwalk damage constituted 40% of the $334,000 in municipal
damages caased by the March 1984 storm. The Discesnber 1992 storm caused approximately
512 miflion doflars in municipal damage to Atlantic City.  Several hundred feet of the boardwatk
was destroyed or demaged. Thess damage estimates represent claima considered dligible by the
Fedaral Emergency Munagement Agency (FEMA) and not all costs ingured from the storms,

303 IMPROVED PROPERTY DAMAGES. Annual damages for without project conditions of
improved property sre provided in Table 23
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Table 23
Improved Property
Without Project Expected Annual Damage
(In $000s, March 1994 Price Level)
Annual

Reach Damages

Atlantic City Inlet of

Atlantic City Oceanfront 130

Ventnor, Margate, Longport 256
286

304. Erosion damages for infrastructure are also calculated. Costs to replace the bulkheads were
estimated to be $900/linear foot. The replacement cost of roads was not a fixed value and
decreased with greater quantities eroded reflecting economies of scale. The total without project
annual damages for developed property and infrastructure including roads, utilities, bulkhead and
boardwalk, are provided in Table 24.

Table 24
Infrastructure
Without Project Expected Annual Damage
{In $000s, March 1994 Price Level)
Annual
Reach Damn&
Atlantic City Inlet 187
Atlantic City Oceanfront 2,3099
Ventnor, Margate, Longport 66(1
| Totl nfasucture Damage ) 3.156]

305. WAVE-INUNDATION DAMAGES. A structure is considered to be damaged by a wave
when there is sufficient force in the total water elevation to completely damage a structure.
Partial wave damages are not calculated; instead the structure is subjected to inundation damages.
Large masonry structures like high rise condominiums will not experience failure by wave
damage. Because of the large presence of such structures along the oceanfront in Atlantic City,
no wave damages are present. On the contrary, the residential communities of Ventnor, Margate,
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and Longport have typical frame single family beach houses along the oceanfront that do
experience wave damage.

306. The percentages of total replacement cost used to calculate damages by the depth-damage
function curves for inundation damages reflect various characteristics of a structure. The depth-
damage curves display the percent of damage at various depths relative to the first floor.
Examples of the depth-damage curves are displayed in Table 25. The depth-damage curves used
to estimate the damage to structures were derived from previous studies of saltwater areas and
FIA (Federal Insurance Administration) curves. The distinguishing characteristics were
construction type (frame, concrete block, or masonry) and number of stories in a structure.

307. Depth Damages. Over 1,200 structures were included in the economic analysis database.
The structure inventory consists of single family homes, multi-family dwellings such as apartment
and condominium buildings, and commercial establishments such as hotel-casinos, multi-unit retail
structures, arcades, malls and office and public buildings. Local officials, and redevelopment
agencies have embarked upon substantial development plans for the Inlét area. Almost 200
townhouses have been constructed recently. Land acquisition and remediation has been
conducted to commence construction of two mid-rise multi-unit complexes of similar construction
to an existing multi-unit building (Ocean Terrace) in the area, and conceptual plans for a water
park have been designed. In Atlantic City, the inclusion of multi-unit commercial structures
results in higher equivalent annual damages than a database weighted with more residential
structures. The database consists of over 30 structures classified as hotels/casinos, a shopping
mall, and a convention center. The estimated total replacement cost for all structures is over 600
million dollars and contain 200 million dollars in content replacement cost. The average
replacement cost for residential structures included in the database for Atlantic City Inlet, Atlantic
City Oceanfront, and Ventnor, Margate, Longport are $196,00, $248,000, and $294,000,
respectively. The average replacement cost for commercial structures and contents
(hotels/casinos; malls, etc.) included in the database for Atlantic City Inlet, Atlantic City
Oceanfront, and Ventnor, Margate, Longport are $3.9, $2.9, and $1.8 million, respectively. The
inventory of structures in each area extended approximately one block from the oceanfront or
inlet frontage. Most structures are located within 700 feet of the reference line. Structures are
susceptible to wave-inundation, and erosion damages. Wave-inundation damage is more
prevalent than erosion due to the presence of shore protection structures such as bulkheads,
geotubes, and seawalls. Ninety-five percent of the damage is attributed to wave-inundation and 5
percent is due to erosion.
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TABLE 25
EXAMPLE DEPTH DAMAGE RELATIONSHIPS

$03 (2 story, no basement, residential structure)
Depth Damage (expressed as a decimal)

20

-1 .01

SOVORXNGOUMEWN~O
>
<

$15 (1 story, masonry, no basement, commercial structure)
Depth Damage (expressed as a decimal)

20

-1 .01

SVRUNOVNE WD —O
W
W

308. BACK BAY RESIDUAL DAMAGES. COSTDAM was also run for the stages associated
with the back bay (still-water) inundation to determine the corresponding damages. The results,
listed in Table 10, represent inundation damages that will not be eliminated by a project on the
oceanfront of Longport. These back bay induced residual damages total $223,000 in annual
daimages. This avoids overestimating benefits in the with project condition for those cases where
damages are reduced or eliminated for structures once eroded or damaged by wave but may still
incur some damages due to inundation from the back bay.
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Table 26
Longport
Back Bay Still Water Inundation
(In $000s, March 1994 Price Level)
Annual
JReach Damages

iongport $223)

309. STRUCTURE DAMAGES. Table 27 displays equivalent annual damages for structures
in Atlantic City inlet frontage, Atlantic City oceanfront, and Ventnor, Margate, Longport,
respectively. Annual damages for Atlantic City inlet and Atlantic City oceanfront are
$422,000 and $2,738,000, respectively. Annual damages for Ventnor, Margate, Longport
are $5,159,000.

Table 27
Structures
Without Project Expected Annual Damage
(In $000s, March 1994 Price Level)
Annual
Reach Damages
Atlantic City Inlet 422
Atlantic City Oceanfront 2,738
Ventnor, Margate, Longport 5,159
Total ur 8319

310. EMERGENCY/CLEAN-UP COSTS. Clean-up costs for individual structures are based on
the time for clean-up and additional meal and travel costs. Travel and meal costs are included as
opposed to evacuation costs because the vast majority of residential structures and even many
commercial structures are occupied only on a seasonal basis, and even then, not by the structure's
owner. Clean-up costs are only applied to those structures affected by a particular storm event.

311. Emergency and clean-up costs are also calculated for public entities, including local, county
and state governments and non-profit emergency service organizations. These costs are based on
Federal Emergency Management Agency (FEMA) Damage Survey Reports for the March 1984
and December 1992 storms, which had stage frequencies of approximately 10 and 20 year events.
Because of the lack of historical information, emergency and clean-up costs for larger events are
extrapolated.

312. The number of structures affected and the associated emergency costs for each storm
event are in Table 28. Average annual damages for (all affected) individuals in Atlantic City
inlet, Atlantic City oceanfront, and Ventnor, Margate, Longport are $2,000, $13,000 and
$29,000, respectively. Average annual damages for (all affected) public entities are $5,000,
$112,000, and $106,000 respectively.
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Table 28

Structures Affected and Emergency/Clean-up Costs
(in $000s, March 1994 Price Level)

ATLANTIC CITY INLET Syr 10yr | 20yr | 50yr | 100yr | 200yr | 500yr
Structures 11 12 13 15 32 35 41
Individual Clean-up Costs $ 4 5 6 11 28 57 117
Municipal Clean-up Costs $ 3 6 25 50 103 227 289
ATLANTIC CITY Syr 10yr | 20yr | 50yr | 100yr | 200yr | 500yr
OCEANFRONT

Structures 31 69| 14| 74| 199 231 254
Individual Clean-up Costs $ 12 27 44 111 231 475 959
Municipal Clean-up Costs $ 87 174 717 | 1062 | 2417 ] 3379 | 5330
VENTNOR, MARGATE, Syr 10yr | 20yr | SOyr | 100yr | 200yr | 500yr
LONGPORT

Structures 32 120 242 325 749 851 890
Individual Clean-up Costs $ 12 46 93 218 600 | 1239 2493
Municipal Clean-up Costs $ 97 194 518 705 | 3015 | 4041 | 4859

TOTAL AVERAGE ANNUAL CLEANUP COSTS

ATLANTIC CITY INLET: (alt) Individuals: $2,000
Public entities: $5,000

ATLANTIC CITY OCEANFRONT: (all) Individuals: $13,000
Public entities: $112,000

VENTNOR, MARGATE, LONGPORT: (all) Individuals: $29,000
Public entities: $106,000
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313, TOTAL ANNUAL WITHOUT PROJECT DAMAGES. Total anaual damages for
structures, infrastructure and improved propesty is displayed by celf in Table 29.

Table 29

Total Damages for All Categories
Without Project Expected Annual Damage

{in $000s, March 1994 Price Level)

) ) Aspal
EReach Dam%
Attantic City Infet 409
Attantic City Ogeanfront 5,177
Ventror, Margate, Longport 6,075
I
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PLAN FORMULATION

314. The purposes of the Plan Formulation section are to provide background on the criteria
used in the formulation process, to present the procedures followed in evaluating various
alternatives, and the subsequent designation of the selected plan. The formulation process
involved establishment of plan formulation rationale, identification and screening of potential
solutions, and assessment and evaluation of detailed plans which are responsive to the identified
problems and needs.
PLANNING OBJECTIVES
315. General planning objectives for the Absecon Island study are to take an integrated approach
to the solution of the erosion and inundation problems along the oceanfront of Atlantic City,
Ventnor, Margate and Longport, and problems of storm vulnerability along Atlantic City's
Absecon Inlet frontage. The study will strive to:

1. meet the specified needs and concerns of the general public,

2. respond to expressed public desires and preferences,

3. be flexible to accommodate changing economic, social and environmental patterns and
changing technologies,

4. integrate with, and be complementary to, other related programs in the study area, and

5. be implementable with respect to financial and institutional capabilities and public
support.

316. Specific objectives include the following:
1. Reduce the impacts of long term erosion along the ocean beaches of Absecon Island,
2. improve the retention of beach nourishment in Atlantic City and Longport,
3. improve the stability and longevity of beaches and shore protection structures,

4. reduce the incidence of storm flooding and wave damage along both the Absecon
Island ocean and inlet frontages,

5. reduce maintenance of hardened shore protection structures found along the shoreline,

6. preserve recreational and commercial boating opportunities through Absecon and
Great Egg Harbor Inlets,
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7. enhance recreational beach use opporiunities along the Absecon [sland a5 an incidental
benefit, and

B. where possible, preserve and maintain the environmental character of the areas under
strdy, including such considerations as aesthetic, environmental and social concerns, as
directly related to plans formulated Hr implementation by the Corps.

PLANNING CONSTRAINTS

317, Plarning consiraints are policy, technical, or institutional considerations that must be
considered to successfully meet the planning obiectives. The formulation of alf alternative shore
protection designs will be conducted in accordance with all Federal laws and guidelines
established for water resources planning,

318 TECHRBCAL CONSTRAINTS. These constrainis inchude physical or operationat
timitations. The following criterta, within a planning framework, were adapted for use in plan
formulation:

{. Federai participation in the cost of restoration of beaches shatf be fmited so that the
proposed beach will not extend seaward of the historical shoreline of record.

2. Natursl besm elevations and foreshore beach stopes should be used a2 a preliminary
basis for the restoration of beach profiles.

3. The design tide and wave data are based on caleulations and investigations 25 dalailed
in the Existing Conditions section of this report. The desyn of protective structures
should, as 3 minimem, demaonstrate thal they will satisfactorily perform for design events
up to and including the annual frequency which has a 50 percent probability of being
exceeded during the economic fife of the feature.

4. Plans must represent sound, safe, accepiable engineering solutions.

5. Plans must comply with Corps regulations.

&, Analyses are based on the best information avaiiable using accepted methodology.
319, ECONOMIC CONSTRAINTS. Economic constraints lirmnit the range of alternatives
considered. The following items constitute the economic constraints forescen to impact analysis
of the plan 1o be considered in this study and any subsequent formulation of alternatives.

1. Analyses of project benefits and costs are conducted in accordance with Corps of

Engineers’ guidelines and must assure that any plan is complete within itself, efficient and
safe. and economically feasible in terms of current prices.
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2. Economic evaluations of project modifications must assume that authorized dimensions
are maintained and will evaluate the incremental justification of modifications.

3. To be recommended for project implementation, tangible benefits must exceed project
economic costs. Measurement shall be based on the NED benefit/cost ratio being greater
than 1.0.

4. The benefits and costs are expressed in comparable quantitative economic terms to the
maximum practicable extent.

a. The costs for cycles I & 2 alternative plans of development were based on
preliminary designs and investigations, estimates of quantities, and January 1994
price levels. Annual charges are based on a 50-year amortization period and an
interest rate of 8.0 percent. The annual charges also include the cost of
maintenance and replacement.

b. The costs for cycie 3 alternative plans of development were based on detailed
designs and investigations, estimates of quantities and costs, and October 1995
price levels. Annual charges are based on a 50-year amortization period and an
interest rate of 7 5/8 percent. The annual charges also include the cost of
maintenance and replacement.

320. REGIONAL AND SOCIAL CONSTRAINTS.

1. The needs of other regions must be considered, and one area cannot be favored to the
unacceptable detriment of another.

2. Consideration should be given to public health, safety, and social well-being, including
possible loss of life.

3. Plans should minimize the displacement of people, businesses and livelihoods of
vesidents in the project area.

4. Plans should minimize the disruption of normal and anticipated community and regional
growth.

321. INSTITUTIONAL CONSTRAINTS. The formulation of alternative projects will be
conducted in accordance with all Federal laws and guidelines established for water resources
planning. According to the Planning Guidance Notebook (ER 1105-2-100), Section IV--Shore
Protection, "Current shore protection law provides for Federal participation in restoring and
protecting publicly owned shores available for use by the general public." Typically, beaches must
be either public or private with public easements/access to allow Federal involvement in providing
shoreline protection measures. Private property can be included, however, if the "protection and
restoration is incidental to protection of publicly owned shores or if such protection would result
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in public benefits". Items which can affect the designation of beaches being classified as public
include the following:

1. A user fee may be charged to aid in offsetting the local share of project costs, but it
must be applied equally to all.

2. Sufficient parking must be available within a reasonable walking distance on free or
reasonable terms. Public transportation may substitute for, or compliment, local parking,
and street parking may only be used if it will accommodate existing and anticipated
demands.

3. Reasonable public access must be furnished to comply with the planned recreational
use of the area. :

4. Private beaches owned by beach clubs and hotels cannot be included in Federal shore
protection activities if the beaches are limited to use by members or paying guests.

5. Publicly owned beaches which are limited to use by residents of the community are not
considered to be open to the general public and cannot.be considered for Federal
involvement.

322. ENVIRONMENTAL CONSTRAINTS. Appropriate measures must be taken to ensure
that any resulting projects are consistent with local, regional and state plans, and that necessary
permits and approvals are likely to be issued by the regulatory agencies. Further environmental
constraints relate to the types of flora and fauna which are indigenous and beneficial to the -
ecosystem. The following environmental and social well-being criteria were considered in the
formulation of alternative plans.

1. Consideration should be given to public health, safety, and social well-being, including
possible loss of life.

2. Wherever possible, provide an aesthetically balanced and consistent appearance.

3. Avoid detrimental environmental and social effects, specifically eliminating or
minimizing the following where applicable:

(1) Air, noise, and water poliution;

. e
(2) Destruction or disruption of man made and natural resources, aesthetic and
cultural values, community cohesion, and the availability of public facilities and
services;

(3) Adverse effects upon employment as well as the tax base and property values;
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(4) Displacement of people, businesses, and livelihoods; and,
(5) Disruption of normal and anticipated community and regional growth.

4. Maintain, preserve, and, where possibie and applicable, enhance the following in the
study area:

(1) water quality;

(2) the beach and dune system together with its attendant fauna and ﬂ‘ora;
(3) wetlands, if any;

(4) sand as a geological resource;

(5) commercially important aquatic species and their habitats;

(6) nesting sites for colonial nesting birds.

CYCLES 1 AND 2 PLAN FORMULATION

323. Alternatives were considered separately for the two specific problem areas defined earlier,
namely the Absecon Inlet frontage of Atlantic City, and the Absecon Island oceanfront which
includes Atlantic City, Ventnor. Margate and Longport.

324. Alternative measures considered for implementation in the study area are classified under
nonstructural measures and structural measures. Nonstructural measures are those measures
which control or regulate the use of land and buildings such that damages to property are reduced
or eliminated. No attempt is made to reduce, divert, or otherwise control the level of erosion.
Structural measures are generally those which act to block or otherwise interfere with erosive
coastal processes or which restore or nourish beaches to compensate for erosion.

325. Measures were evaluated individually and in combination on the basis of their suitability,
applicability, and merit in meeting the specific objectives of the study. In addition, technical and
economic feasibility and environmental and social acceptability were of significant concern in the
screening of the measures. The potential for local support was not a major factor since the State
of New Jersey and locals embrace both traditional and non-tradition shore protection measures if
there is a probability of success coincident with prudent land usage. Many of the State's
guidelines, policies and cost-sharing procedures are similar to the Federal government as well.

ABSECON INLET FRONTAGE OF ATLANTIC CITY

326. CYCLE 1 ALTERNATIVES - ABSECON INLET. Alternative cycle 1 measures



140

considered for this xrea sre a3 follow:
L. Mongtructurad Measures
o No agtion

Evacuation from arcas sub;ec:i 10 erosion ami storm damage
o Reguiation of fiture deveicpment

o

2. Stmperpral Measores

Lengthen the Brigantine Jetty

Realigs the Absecon Inlet channel

Beach restoration

felocation of the boardwaltk

Buikheads with and withou! revetments

Navigation type breakwater at the entrance of Absecon Inlet
Wave bresking structore

Perched beach using geo-nibes

[ = R I T < i w

327 It is noted thet sl the above allernatives were evaluated with the goal of providing similsr
storm damage protection. The following paragraphs Rummarize the objectives and ovaluation of
each of the above alternatives considered in oycle 1.

328, MNonstrugtural Measures. Following are discussions of the mnstmc:uraj measurss
copsidered under the Absecon irlet cycle | analysis,

329 No Agton. The no action alternative involves no measures 1o provide erosion contrel,
regreationsl beach or store damage protection 1o stmctures landward of the beach front. This
ahemative would not check the continuing eraston of the beaches, aor would | prevent property
from: being subjected 1o higher storms damages fom beach recesson, Sooding and wave attack.
Existing groins and jetties would continue to deteriorate, further accelerating the loss of beach.”
This plan Fails 1o meet any of the objectives or needs of the study. Therefore, this alternative will
not be consideéred in cycle Z.

330, ; A shis i pge. Pormanent evacuation of
exigting dweioped areas whgw w uamdatm mvoim the acquzsman of jands and structures
thereon either by purchase or through the exercise of powers of eminent domain, if necessary,
Following this action, all corumercial and industrial developrents and residentinl property in aress
subieet to erosion are either demolished or refocated to another site. High rise condominiums,
health care facilities and other large stnsctures found on the inler would requice relocation.
Additionally, roads, resiroads, water supply facilities, eleciric power, and telephone snd sewerage
utifities would also have to be relocated.  Fands acquired in this manner could be used for
undeveloped parks, or other PUrpOsEs, that would not result in material damage from erosion,
The level of development and ongoing re-development along the infet frontage would make this
measure profibitively expensive. Thetefore, this altermnative will not be considered incycie XL




141

331. Regulation of Future Development. Regulation or land use controls could be enacted
through codes, ordinances, or other regulations to minimize the impact of erosion on lands which
are being re-developed in the future. There are regulations in place to control future development
and reduce susceptibility to damage. By restricting usage to parks or natural areas or limiting
development to low cost or movable facilities, the potential growth of economic losses due to
erosion could be minimized. Such regulations are traditionally the responsibility of State and local
governments. This measure lends itself to relatively large, continuous undeveloped areas rather
than developed areas. The re-development of the inlet area is presently occurring on the bay side
and is presumably to code and meets FEMA flood insurance criteria. Therefore additional
regulation to prevent virtually all re-development would have to be enacted for this option to
work. This alternative will not be considered in cycle 2.

332, Structural Measures. Following are discussions of structural measures considered under the
Absecon Inlet cycle 1 analysis. The first three measures were proposed previously in the Atlantic
City, NJ, Beach Erosion Control Study, House Document No. 538, 81st Congress, 2nd Session,
1950.

333. Lengthen the Brigantine Jetty. The Brigantine Jetty, to the northeast of Absecon Inlet, was
designed and modeled by the Corps and subsequently authorized by Congress for construction as
part of a larger project. The project was re-authorized in section 605 of the Water Resources
Development Act of 1986. The design length is 5,749 feet at an elevation of +8'MLW. The jetty
was to serve three purposes: 1) to prevent the elongation of Brigantine Island and thus hait the
southward migration of the channel, 2) to act as a breakwater which affords protection from
waves, and 3) reduce shoaling in the inlet. This project was to be constructed in conjunction with
dredging the northeast side of the channel, widening it and thus relocating it closer to Brigantine.

334. The existing jetty was built by the State of New Jersey in 1952 and lengthened in 1966 to a
total of 3,730 feet. The present configuration of the existing jetty is accomplishing everything for
which it was designed. In fact, the channel has not been dredged since 1978 and is presently
deeper than the authorized depth. As noted at the time of design, a jetty such as this has the
potential to starve downdrift beaches. While the present jetty does not seem to be responsible for
erosion at Atlantic City, it is effectively halting transport of sand into the inlet. Therefore it can be
surmised that a lengthening of the jetty by an additional 2000 feet could have adverse effects on
natural bypassing.

335. Benefits which could be obtained from lengthening this structure are that it is an essential
component of the channel realignment, and it would serve as a wave breaker. However, as will be
seen in the next discussion, channel realignment is not an option because the new location is
already deeper than the authorized 20' depth. The merits of lengthening the jetty must rest solely
on reducing incident wave energy into the inlet during northeast storms. This alternative will be
considered further.

336. Realign the Absecon Inlet Channel. The purpose of moving and widening the channel was
to reduce tidal currents within the inlet and hence the erosional pressure on the southwestern
boundary of the inlet. As mentioned earlier, this is not a viable alternative since the depth in the
new location is already deeper than the authorized depth. Water depths in the channel reach
nearly -50 feet NGVD (see figure 33). The Brigantine jetty has effectively stopped southward
migration of that island and Atlantic City’s Maine Avenue groins stabilize the channe! location. In
the original design contained in House Document 94-631, the realignment option was not to be
undertaken until after the jetty was built to its design length.
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Absecon Inlet Channel Depth
281—
Line  Survey Time Date
3 93 18688 14 AUG 93
-28-+

-68 ; - ; -
-588 8 568 1888 1588 2888 2588
Distance (FT)
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337. Inlet Beach Restoration. The beach restoration design found in HD 81-538 for the inlet
frontage served two purposes: 1) recreation and 2) reduce wave impact. Beaches of suitable
dimensions are effective in dissipating wave energy and affording protection for the upland area
when maintained to properly designed berm widths and beach slopes. It was recognized however,
in the authornized project, that bulkheading in this area is the more important defense against
property damage. Protective beaches also remedy the basic cause of most erosion problems, that
is, a deficiency in the natural sand supply which appears acute at this time.

338. The technical feasibility of this alternative in this area is questionable since the expected
residence time of the beachfill is extremely short due to prevailing currents. Also, the existing
slope is so steep that a tremendous quantity of sand would be required to fill the sub-aqueous
portion of the beach, thus increasing the shoaling potential of the channel. The physical model
tested at WES in the 1940s indicated that beachfill should only be conducted after the Brigantine
Jetty is lengthened and the channel moved to the northeast. This alternative will be evaluated in
cycle 2 in conjunction with lengthening the Brigantine Jetty.

339. Perched Beach Using Geo-tubes. A way to increase the residence time of a beachfill on an
inlet can be to employ a perched beach concept. A sill is created, usually constructed with sand
bags or geo-tubes that are located in the immediate offshore zone and run parallef to the shoreline.
The sills dissipate wave energy, and thus, sand can be deposited in the region between the sills and
the shoreline. The greatest advantage of beach sills is that they do not restrict the use or affect
the aesthetics of the beach.

340. Disadvantages of this alternative include the questionable durability of certain components
of the geo-tubes, their susceptibility to vandalism, and the depth of water at the location necessary
for the structure to provide protection. The existing offshore elevation would have to be raised
with beachfill, thus creating a potentially unstable foundation for the geo-tubes. Additionally,
strong tidal currents would tend to undermine the tubes. Recent experiences in nearby
Townsends Inlet are not favorable. Due to the considerable disadvantages, the perched beach will
not be considered further to address the planning objectives of the study.

341. Relocation of the Boardwalk. A major piece of infrastructure along the inlet is the
boardwalk. This structure has been repeatedly damaged during storms and repaired. One
alternative to reduce this type of damage is to relocate all or portions of the boardwalk. The
boardwatk which continues northwest from the Oriental Avenue Jetty is located directly in front
of and above existing bulkheads and revetments for approximately 50% of its length. During
storms, waves hit the bulkhead and splash upward with a force sufficient to damage the
boardwalk. If the boardwalk were moved, this form of runup would cease to be a damage
mechanism. However, there is little space between the existing road and the bulkhead for
relocation. This alternative will be evaluated in cycle 2.

342. Wave Breaking Structure. An alternative to relocating the boardwalk is to extend the wave
impact zone seaward of the boardwalk. This also removes wave induced erosion from the toe of
the bulkhead and decreases wave induced superelevation at that location. The structure would be
similar to a rubble revetment except that surface roughness would be maximized to dissipate wave
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energy and the slope would be gradual to extend the subaerial profile seaward. This alternative
will be evaluated in cycle 2.

343. Bulkhead With Revetment. A continuous bulkhead constructed along a shoreline is a viable
protective measure. The primary purpose of a bulkhead is to retain or prevent erosion of upland,
with the secondary purpose being to afford protection to backshore areas from wave action and
inundation. Bulkheads are normally vertical walls of concrete, timber, or steel sheetpile.
Depending on the wave climate to which bulkheads are exposed, beach nourishment or revetment
toe protection may be a requirement in front of the bulkhead. New bulkheads would be tied in
with existing bulkheads and stone groins.

344. Revetment toe protection must also be considered as part of the bulkhead alternative. A
revetment is, in general, a stone or concrete face placed to protect an embankment or existing
shore protection structure against erosion by wave action or currents. The bulkhead aiternative
along the inlet will require toe protection if other aiternatives to reduce wave energy are shown
not to be effective. There is the possibility that, due to settlement or erosion, the revetment could
fail unless precautionary measures are taken.

345. Bulkheads along the inlet frontage have recently been refurbished (see photo #1, Appendix
A) except for a 1,050 foot section between Oriental Avenue and Atlantic Avenue. This
alternative will be carried into cycle 2 for this area.

346. Navigation Type Breakwater. The construction of a inlet breakwater to reduce the force of
waves striking the shoreline was another protective measure considered. Offshore breakwaters
are typically massive stone structures founded in relatively deep water. This alternative is similar
to the extension of the Brigantine Jetty except that the movement of sand around the structure
would be very different. Particular care must be taken in the design and location of the structure
as erosion of the downdrift beach can occur. Gaps or breaks between structures must also be
permitted to prevent the development of undesirable currents between the ends of the structures.

347 Breakwaters provide sheltered water for boating but have extremely high construction costs
especially in deep water and can present a potential navigation hazard. Due to the disadvantages
mentioned above, especially high construction costs, the use of a channel structure was eliminated
from further consideration as a viable alternative for Absecon Inlet.

348. Cycle 1 - Applicability Screening for Absecon Inlet. During the first cycle of formulation
the management measures discussed in the previous section were reviewed to determine the
acceptability and potential to control erosion, wave attack and inundation in the problem area.
Consideration was given to factors such as potential technical performance, whether it meets the
study objectives and relative cost. Based on the information shown in Table 30, the alternative
measures were screened and only those measures which were considered to have potential
viability were carried forward as plans or features of plans in the next cycle of formulation.
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349. CYCLE 2 ASSESSMENT OF ALTERNATIVES FOR ABSECON INLET. Based on the
previous screening of alternatives, several plans were selected for further analysis in Cycle 2.
These plans consist of one or more individual measures as appropriate to develop a suitable
degree of shore protection. In addition, consideration was given to alternative methods of beach
fill and periodic nourishment, various construction materials, and alternative borrow sources for
sand. The following sections describe the plans considered for each problem area and discuss the
technical performance, economic analyses, and environmental and social impacts associated with
each plan.

350. Inlet Beach Restoration. For purposes of this evaluation, a uniform berm width of 50 feet at
an elevation of +8.5' NGVD was designed for the inlet frontage. The beach nourishment
alternative involves two phases. The first consists of placing the basic (minimum) protection plus
any advanced nourishment. The second phase consists of nourishing and maintaining the basic
protection on a periodic basis. Beach nourishment was evaluated using dredging, hydraulic
pumping and mechanical methods.

351. The dredging method would use conventional floating dredge techniques with the borrow
source being the ebb shoal. The sand would be pumped to the beach. The beachfill quantity used
for cost estimating purposes was obtained using a typical section. More than 400,000 cubic yards
of sand would be required for the inlet shoreline. Periodic nourishment was based on half the
initial fill every two years.

352. About 483,000 cubic yards of fill was placed along the inlet frontage in July, 1948. More
than 80% of the material was lost by May, 1950. It is assumed that a similar beachfill today
would suffer the same fate unless the Brigantine Jetty were extended, and the channel were
completely redesigned. Because the cost of this alternative when coupled with the extension of
the jetty is very nearly equal to the total annualized damages, this alternative will not be carried
into cycle 3.

353. Lengthen the Brigantine Jetty. This alternative represents a costly method of reducing wave
energy at the inlet frontage based on preliminary cost estimates, but may provide positive net
benefits. Due to the potential for adverse downdrift starvation and the belief that wave energy
can be reduced by less costly methods, this alternative may fall out during cycle 3.

354. Relocate the Boardwalk. Relocating the boardwalk removes the structure from the area
where damage occurs. This alternative does nothing for the erosion, inundation and wave attack
problems at the inlet. Therefore this alternative should be considered only in conjunction with
other measures. The estimated cost of moving the boardwalk exceeds the total annualized
damages and therefore will not be considered further.

355. Wave Breaking Structure. This alternative my be the least cost alternative to reducing
incident wave energy and scour at the bulkhead. Once installed, its longevity would exceed a
beachfill on the inlet. This alternative will be further evaluated in cycle 3.

356. Bulkhead With Revetment. Construction of a bulkhead with stone revetment for the
remaining 1,050 feet of inlet frontage would result in a continuous level of protection along the
entire inlet frontage shoreline. This alternative was designed similar to the bulkhead shown in
figure 34. This alternative will be evaluated in cycle 3.



147

Plastic Piie Cop Ty K Conboarz, 101k CC2 Tye C Trected Fune
Forten w/ & Nals, 3N Gar ¢ Z ¢cc
3/4" Bolts w/ 3"x 174" NY.QD. Wosher
in Wele B Ogee Wosher 6 Meax Nt ot —_ ] 326" Uner, 2.5 & €22 Trecred
Pile. All Horoware %0 be Het Dip T

i

Gex (tys)

Beits & Rods fo be cocted w/, | f

Lsorclt Feoting Cement (hr) L
[~——&"x 8" Bt Blocs, 2% Ib CTA Trectsd

te— Fiiter Cic*n

Tmber File, 12" Minc B, €' Mir, Tip, -~ Fover w
2.5 15 CCA Treated, €'c.c., 30 Long

TYPICAL SECTION
BULKHEAD

Figure 34



148

.

e o T e

[23D)

~
W

Lt
I

STAN

(9}
(5

D BUARGWAH

Figure 36




149

385. Beach Restoration With Bulkhead. In this alternative, the beachfill would not include a
dune, since the bulkhead provides storm surge protection. To protect the entire length of
Absecon Island at a uniform elevation would require the construction of an additional 14,075 L.f.
of bulkhead. The new bulkhead would tie into the existing sections of timber bulkhead along the
oceanfront. The typical bulkhead section was shown in Figure 34.

386. Since 58% of the Absecon Island ocean frontage has existing timber or concrete bulkheads
and seawalls parallel to the ocean front, this alternative examined extending the timber bulkhead
walls along the entire length of the study area. Under this alternative, it would require 12,700 feet
of new timber bulkhead to provide a continuous line of storm protection along Atlantic City. This
distance does not include those areas where the concrete foundations of casinos abut the
boardwalk. Also, this does not take into account the staggered lengths of the street ends and
those areas where the bulkheads facing the ocean are connected by perpendicular bulkhead
sections, adding to the total bulkhead length. This is not a cost effective alternative for Atlantic
City when compared to a dune, and therefore will not be included in the cycle 3 analysis.

387. In contrast, Ventnor, Margate and Longport would require approximately 1400 linear feet
of bulkhead, primarily at road ends, to complete a continuous line of storm protection. This
assumes that tieing into the existing bulkhead system is feasible. This alternative will be
investigated further in cycle 3.

388. Another option for improving the bulkhead-seawall system for Absecon Island would
involve replacing those sections that have top elevations below +9.5 NGVD and which are in
poor condition (see photo #16, Appendix A). This occurs primarily at the street ends in Ventnor,
Margate and Longport, as most of the residents in these communities who own beachfront
property maintain the bulkheads at a top elevation of at least +9.5 NGVD and the majority are
kept in fair to good condition. Approximately 25 percent of the bulkheads protecting the street
ends in these shore communities would need to be replaced under this option. This results in a
total length of 1400 linear feet.

389. While bulkheads will protect upland areas, beach restoration will limit erosion in front of the
bulkheads and will provide additional protection to upland areas. Since bulkheads do not interact
with the littoral transport, it will not reduce nourishment cycles as a groin field would. There may
be institutional problems with the concept of a contiguous bulkhead line due to the potential for
moving development seaward in some locations. This alternative will be evaluated in cycle 3.

390. Beach Restoration With Groins. The longevity of a beach restoration project may be short
depending upon the shoreline's vulnerability and the frequency and intensity of coastal storms.
Frequent renourishment of a section of beach may be required to maintain a given level of
protection. The use of beach stabilization structures, such as groins, may be appropriate to
increase the amount of time that placed sand remains on the beach. Economic justification for the
cost of the groins or other beach stabilization structures is the savings realized by lengthening the
time interval between renourishments.

391. Groins are generally constructed perpendicular to the shoreline and control the rate of
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longshore transport through a project area. If properly designed, they are effective in stabilizing
beaches and beach fill projects where sand is typically lost by longshore transport. Functional
design of a groin or groin system should maximize the amount of material accumulated or
maintained on the updrift side and minimize erosion downdrift of the structure. Important design
parameters to consider include the proper siting and type of groin as well as groin length, height,
crest width, alignment, spacing, and permeability.

392. The Absecon Island coastline has numerous existing groins as described in Appendix A.
Detailed shoreline change modeling which includes the testing of various alternative
configurations are required to properly design and optimize beach restoration and additional groin
construction for the study area. However, initial recommendations for beach restoration with the
use of groins have been developed for Cycle 1 and 2 level efforts. These recommendations were
based on the anticipated need to stabilize beach fill at particular sections of the Absecon Island
shoreline. Numerous groins and piers already exist on the Atlantic City shoreline to the northeast
of the Ocean One Pier, however, no groins are present for approximately 4 miles to the southwest
of Ocean One. This area has historically experienced downdrift erosion and shows substantial
erosion and inundation damages for the without project conditions. Two groins at approximately
1200 ft spacing are a viable aiternative to provide stabilization for beach fill in this area. No
additional groins are recommended for Ventnor or Margate.

393. An additional alternative is that six stone groins be constructed in Longport to increase
natural beach width and to maintain placed beach fill. Several dilapidated timber groins which are
essentially no longer functional are present along Longport's shoreline. The narrow and steep
beach profile in this area suggests that additional structures may be required to effectively stabilize
beach restoration material.

394. Extend the Longport Terminal Groin. A cost estimate was developed for extending the
terminal groin from 500 feet to 1000 feet. Because costs are less than the total damages, this
alternative will be evaluated further in cycle 3. However, potential benefits to periodic
nourishment may not outweigh potential negative impacts to the Great Egg Harbor Inlet ebb shoal
complex.

395, le 2 - Applicabili reening for Absecon Isl eanfront. During the second cycle
of formulation the measures discussed in the previous section were reviewed to determine their
social and environmental acceptability and their cost effectiveness. Preliminary without project
annualized damages were compared to preliminary annualized costs to ascertain the potential for
positive net benefits. Both damages and costs were calculated using simplifying assumptions and
are therefore subject to change in cycle 3. Based on the information shown in Table 33, the
alternative measures were screened and only those measures which were considered to have
potential viability were carried forward as plans or features of plans in the detailed cycle 3 plan
formulation.
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CYCLE 3 PLAN FORMULATION

396. RECOMMENDED PLANS FOR CYCLE 3 ANALYSIS. The cycle 1 and cycle 2
screening process eliminated many of the potential alternative measures. The alternatives
recommended for further consideration in cycle 3 (refer to tables 31 and 33) are listed below. In
cycle 3, designs will be formulated and optimized to develop the NED plan for the two problem
areas described in this report.

397. Absecon Inlet Frontage of Atlantic City.

1. Bulkheading with revetment.
2. Wave breaking structure.
3. Lengthening of the Brigantine Jetty.

398. Absecon Island Qceanfront.

1. Beach restoration.

2. Beach restoration with dunes.

3. Beach restoration with bulkheads in Ventnor, Margate and Longport.
4. Beach restoration with groins in Atlantic City and Longport.

399. Incremental Analysis. In order to properly formulate the NED plan, three discrete
incremental reaches were established for cycle 3, one for the inlet frontage of Atlantic City and
two for the Absecon Island oceanfront split between Atlantic City and the communities of
Ventnor, Margate and Longport. The incremental reaches are based on existing economic and
physical conditions, while also ensuring that the recommended project is constructabie, and that
each reach functions properly and independently. These reaches are based on the type and extent
of development, similarities in the typical beach and upland profiles comprising the without-
project condition, and background erosion rate. Also taken into account is the existence of
groins, bulkheads and boardwalks. Sufficient differences exist in the without-project conditions
for the three reaches to effect project optimization.

400. CYCLE 3 ALTERNATIVES - ABSECON INLET. Along the Absecon Inlet frontage in
Atlantic City, most damages occur in those areas that are not protected by the existing timber
bulkhead constructed along Maine Avenue, or where the bulkheads direct wave energy upwards,
thereby damaging the boardwalk. In these areas, flooding and boardwalk damage occurs on a
regular basis. Damages to the boardwalk are generaily caused by direct wave attack, and can
occur during minor storm events. The cycle 3 alternatives that were analyzed to prevent these
damages include construction of a timber bulkhead to complete the line of protection along the
inlet, extension of the north (Brigantine) jetty and an inshore wavebreaker.

401. Bulkheads. The bulkhead aiternative consists of constructing two separate sections, one
from Madison Ave. to Melrose Ave., for a length of 550 feet, and one section from Atlantic Ave.
to Oriental Ave., for a length of 1,050 feet. The timber sheet-pile bulkhead would tie in to the
existing bulkhead at both locations. From Atlantic to Oriental Aves., the bulkhead would be
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located at the seaward edge of the existing boardwalk. Both sections of bulkhead would be
constructed to a top elevation of +14 NGVD, with pile anchors and tie-backs. A revetment of
rough quarrystone will be constructed to an elevation of +5 NGVD on the seaward side of the |
bulkhead. This bulkhead would prevent damages from inundation and wave attack. Erosion from
channel migration would not be prevented by this option, however the existing groin field and
doubie jetties serve to limit the channel from further southerly migration.

402. Wavebreaker. The purpose of this alternative is to protect the boardwalk by dissipating a
large enough portion of the wave energy to remove the boardwalk from the 3 foot wave zone.
The breakwater is proposed to be constructed at a location 200 feet offshore of the seaward edge
of the existing boardwalk. Locating the structures further offshore reduces their effectiveness and
is impractical due to existing water depths (see figure 33). Constructing the wavebreakers
between the existing groins, however, leads to concerns about scour since a closed compartment
would be created thereby increasing velocities through the gaps. Therefore, a low-crested
elevation is preferred.

403. Three different designs were developed for the wavebreaker alternative. The location and
overall conceptual design remained the same for each, but the crest elevations were varied. Top
elevations were determined by taking into account the stage elevation for higher frequency events.
The design consisted of separate segments constructed in the first three groin cells beginning at
the Oriental Avenue jetty. Each segment would be constructed with a crest width of 12 feet, and
side slopes of 1V:3H. Materials will consist of a layer of 12" size bedding stone, S0 to 100 Ib.
matstone, 750lb. to 1 ton corestone, and 10 to 15 ton capstone. A section of the wavebreaker is
shown in Appendix A.

404. The wave transmission characteristics of a wavebreaker with a crest elevation of -0.5 feet
NGVD (mean sea level) was analyzed following the methodology of Van der Meer (1991).

Storm events with return periods from 5 to 500 years were investigated. The results of this
analysis showed that the wave height reductions achieved by the breakwater were not sufficient to
remove the boardwalk from the 3 foot damaging wave zone. Breakwaters with higher crests
were investigated, but it was found that the crest elevation had to be approximately 15.0 feet
NGVD to sufficiently reduce the wave height for even the most frequent storms.

405. Construction of a breakwater to such a high elevation is impractical due to scour problems
and high construction costs. Additionally, this option would not prevent inundation damages.
Channel migration could be slowed by this option, but only in the specific area where the
wavebreakers exist. Since the existing groin field and jetties serve to keep the channel in its
present location, this is not seen as a significant benefit. As can be seen in Table 34, the
breakwater alternative is not justified and therefore will not be constructed.

406. Brigantine Jetty. The jetty extension consisted of adding 2000 fi to the seaward end for a
total fength of 5,749 ft at 8' MLW (6.5' NGVD). As described in cycle 1, the only remaining
benefit gained by extending the north jetty would be a reduction in wave energy. This altemative
could reduce wave heights throughout the inlet during northeasters and could result in a small
reduction in inundation due to wave setup. Since the present length is effective in preventing
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shoaling in‘the inlet, extending the jetty would almost certainly create a deficit of sand reaching
the inlet littoral system. This would in turn cause adverse downdrift impacts to Atlantic City's
beaches. This would also disturb the sediment budget in the inlet which is the principle source of
sand for the oceanfront shore protection alternatives.

407. Sensitivity runs were performed with both the two-dimensional current model and the wave
model. Analysis showed that the primary impact of lengthening the jetty was on long-term inlet
processes as opposed to short-term, storm-related processes. The primary eff ect appears to be a
reorientation of tidal currents to pass around the end of the new longer jetty. The newly directed
currents will have sufficient velocity to erode the existing shoal at the end of the Brigantine jetty.
Larger-scaie inlet processes such as the transport to the flood tidal shoal or the ebb tidal transport
around the Oriental Avenue jetty do not appear to be affected. A larger-scale possible effect may
be the transfer of the ebb shoal farther offshore. A seaward shift of that shoal will provide
increased sheltering of the Atlantic City shoreline. The sheltering, due to a decrease in water
depth from the present 16 f to the shoal depth of 10 f, could be potentially significant for storm
waves from the east to northeast, but appears to have a relatively insignificant potential effect on
long-term longshore transport rates.

408. Wave reduction due to the jetty extension would be, for the most part, limited to the vicinity
of the ebb shoal. Because storm wave heights impacting the shoreline are depth limited, damage
would be prevented only during the more frequequent (less intense) storms. Therefore, extension
of the north jetty provides limited benefits to the Absecon Inlet shoreline and this alternative
cannot be justified. :

409. WITH PROJECT ANALYSIS OF CYCLE 3 ALTERNATIVES - ABSECON INLET.
Damages for Absecon Inlet with project alternatives are calculated using the same
methodologies and databases as previously detailed in the without project conditions. The
benefits for any given project are the difference between without project damages and with
project damages. The storm damage reduction benefits (including emergency costs) are shown
for all inlet alternatives in Table 34.

Table 34

Atlantic City Inlet
Storm Damage Reduction By Alternative
(March 1994 Price Level)

Project Without Project | With Project Storm Damage Percent
Al Type Storm Damages | Storm Damages | Reduction Benefits | Reduced
ZA Jetty Extension $616,000 $541,220 $74,780; 12%
ZB Bulkheads $616,000 $184,180 $431,820 70%
2| WaveBraker selc000l ___§558.050] ss7050l oo




155

410. During the analysis of net benefits, figure were adjusted to the October 1995 price level.
Table 35 presents the results of the comparison of average annual benefits to average annual
costs for each inlet alternative.

Table 35
Atlantic City Inlet Benefit/Cost Matrix
Average Annual Benefits and Costs for With Project Alternatives
(October 1995 Price Level)
ALT.ZA
JETTY AVERAGE ANNUAL BENEFITS $77,031
EXTENSION AVERAGE ANNUAL COSTS $559,161
BENEFIT-COST RATIO 0.14
NET BENEFITS ($482,131)
ALT.ZB
BULKHEADS AVERAGE ANNAUL BENEFITS $444,816
AVERAGE ANNUAL COSTS $401,357
BENEFIT-COST RATIO (R}
NET BENEFITS $43,459
ALT. 71
WAVE AVERAGE ANNUAL BENEFITS $59.694
BREAKER AVERAGE ANNUAL COSTS $484,486
BENEFIT-COST RATIO 0.12
NET BENEFITS ($424,792)

411. CYCLE 3 ALTERNATIVES - ABSECON ISLAND QCEANFRONT. All the remaining
alternatives for the oceanfront include beachfill. Therefore, optimization of beachfill design
parameters was seen as the first step in the cycle 3 process. Modelling various beachfill
configurations provided insight as to the performance of the design parameters. Groin and
bulkhead features were evaluated afterwards, based on that insight.

412.  The communities of Ventnor, Margate and Longport are considered as one project reach.
The three communities are similar both in economics and coastal hydraulics. As shown in Table
35A, there are many similarities which lead to formulating as a distinct reach, Dividing the
continuously developed shorefront at the municipal boundaries is viewed as arbitrary.
Additionally, performance of the project, in terms of longevity and nourishment requirements, is
enhanced by formulating with one reach.



156

TABLE 35A
RATIONALE FOR CONSIDERING

VENTNOR, MARGATE AND LONGPORT

AS ONE PROJECT REACH

VENTNOR MARGATE LONGPORT
# of 137 199 235
Structures/Mile
Type of Development | Residential Residential Residential
Long Term Erosion 0 ft/yr. 0 ft/yr. 0 ft/yr.
Rate
Direction of southwest southwest southwest

Littoral Transport

Orientation of

northeast to

northeast to

northeast to

Shorelinea southwest southwest southwest
When 100 year 100 year 100 year
Seawall/Bulkhead event event event
Fails

Primary Damage wave- wave- wave-
Mechanism inundation inundation inundation

413. Design Parameters. In cycle 3, the beach nourishment alternative required optimization of
the design parameters. This was accomplished by varying parameters between a set of salient
parameters established at the beginning of the analysis. In developing these parmeters the Shore
Protection Manual, Coastal Engineering Tech Notes (CETN), the existing conditions in the study
area and accepted coastal engineering practice were reviewed. Listed below are the boundary
conditions utilized to construct a logical methodology to efficiently identify the optimum plan.

414. Berm Elevation. The natural berm elevation is determined by tides, waves, and beach siope.
If the nourished berm is too high, scarping may occur, if too low, ponding and temporary flooding
may occur when a ridge forms at the seaward edge. Design berm heights for each alternative
have an elevation set at the natural berm crest elevation as determined by historical profiles. The
average existing berm elevation in the study area varies between +7.5 and +9.0 feet NGVD. It
was determined that a constructable template which closely matches the prevailing natural berm
height in the study area is +8.5 ft. NGVD. This elevation was used for all designs.

415. Beachfill Slope. The siope of the design berm is based on historical profiles and the average
slope of the berm, both onshore and offshore. The slope of the foreshore slope for all alternatives
was set as 30H: 1V down to the mean low water elevation. A 30H:1V slope closely matches the
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existing slope of the beaches in the study area. Below mean low water the slope follows that of
the existing profile to the point where the design berm meets the existing profile.

416. Berm Width. An interval between successive berm widths was chosen for modelling
purposes. This interval is set wide enough to discern significant differences in costs and benefits
between alternatives but not so great that the NED plan can not be accurately determined.
Additionally, due to the capability of the storm modeling methodology, a 50 foot interval was
determined to be the most practical. The largest design berm width is based on an analysis of the
average existing beach profile and determining how far offshore the design berm could go before
the quantities required to construct such a berm clearly increase faster than the additional benefits
captured. Based on the cycle 3 analysis, the largest berm width considered was 250 ft. The
smallest berm width was determined in a similar manner, by analyzing benefits captured with
minimum dimensions. Based on this analysis, the smallest berm width considered was 75 ft. This
was also determined to be the minimum practicable to support a small dune.

417. Design Baseline. All berm widths are referenced from a design baseline which was
established along the ocean frontage of the project study area in order to determine the alignment
of the proposed beach restoration alternatives. In Atlantic City, the design baseline was set as the
seaward edge of the existing boardwalk. In the city of Ventnor, the design baseline was also
located at the seaward edge of the existing boardwalk up to Richards Avenue. From Richards
Avenue south to the end of the boardwalk (which is the southern terminus of Ventnor), the
baseline was located ten feet behind the seaward edge of the existing boardwalk. In Margate and
Longport, the design baseline was located at the seaward edge of those bulkheads and seawalls
which projected the greatest distance seaward. This allowed the design baseline to avoid abrupt
shifts in alignment as a result of changes in the location of the seaward edge of the bulkheads.
This produces a constructable beachfill template which transitions smoothly along the shoreline

418. Dune Heights. The lowest design dune height evaluated was sufficiently above the height of
the berm and existing protective structures in order to provide for additional storm damage
protection, principally in the form of reduced inundation and wave attack damages. Based on
bulkhead elevations and the results of the without-project analysis it was estimated that dune
heights of +12.5, +14 f, +16 fi. and +18 ft. NGVD should be considered to capture significant
benefits within this study area.

419. Dune Shape. Dune top width for all alternatives was 25' except for those alternatives with a
75' berm width, in which case the dune top width was 15" This was due to footprint
requirements. Side slopes were set at 5H:1V, which was determined to be the optimum condition
based on native sand grain size, and the grain size of sand to be obtained from offshore borrow
areas.

420. Dune Alignment. The landward toe of the proposed dune system in Atlantic City was offset
25' seaward from the design baseline to align the design with the existing dunes and geotube
reinforced dunes. The landward toe of the dune in Ventnor, Margate and Longport was located
as close as possible to the design baseline taking into account piers and boardwalks. The
landward beach elevation is based on the existing profiles in areas where this condition exists.



158

421. Design Beachfill Quantities. Quantities for each alternative were calculated by
superimposing the proposed design templates on the existing beach survey cross sections.
Average end area methods were used to compute the volumes.

422, Nourishment Volumes. In order to maintain as a minimum the design profile, an advanced
nourishment or maintenance volume is added to the initial quantity. Without renourishing on a
periodic basis, the design profile would begin to erode. Therefore, an advanced nourishment fill is
placed in addition to the initial design beachfill. The nourishment volume is considered sacrificial
and protects the design beachfill, and at the end of the periodic nourishment cycle, the design
profile remains. For cycle 3, the nourishment period was taken to be three years. The final
nourishment quantities were increased by an overfill factor of 1.4. Initial design volumes were
determined by adding the advanced nourishment volumes and the design volumes cbtained from
the survey cross sections.

423, Storm Drain Qutfalls. At the time of the last structure inventory, most outfalls as noted in
the Existing Structures section of this report were intact and in fair to good condition. At the
present, the condition of some of these outfalls has degraded. In Atlantic City, all outfalls are
intact up to approximately the mean low water line; however, several of the existing outfall pipes
have broken off at pipe sections located in the surf zone. The existing length of these outfalls is
not adequate to assure unhindered drainage for those proposed beachfill alternatives having a
berm width of 200 feet or greater. Therefore, costs to extend these outfalls were included for the
corresponding Cycle 3 alternatives. This required extending approximately 270' of 20" diameter
ductile iron pipe, and 170’ of 24" diameter D.I.P., with timber support systems spaced at 18 feet.
220" of 30" diameter D.LP., and 150' of 36" diameter D.1P. will also be extended with timber
support systems spaced at 9 feet. Several outfalls in Ventnor, Margate and Longport have also
suffered damage, and in some cases have sheared off completely at the bulkhead. Costs to extend
these outfalls were also included for the Cycle 3 beachfill alternatives. It was assumed that all
outfalls would be replaced with 12" diameter D.I.P_, for a total length of 1,650 feet, including
timber support systems spaced every 18 feet.

424. Typical Beachfill Sections. Figure 37 shows a typical cycle 3 beachfill alternative
superimposed on the corresponding survey cross section of the existing beach.

425. Oceanfront Bulkhead Analysis. The Cycle 2 option of raising bulkheads at street ends in
Ventnor, Margate and Longport was eventually dropped for the following reasons. The existing
bulkhead line in Ventnor and Margate is a conglomeration of privately installed bulkheads of
varying designs and heights, interspersed with municipal structures, principally at the road ends.
The present bulkhead system does not provide a continuous level of protection. Ventnor,
Margate and Longport have begun raising street end bulkheads as funding allows. Those areas
which have not been rehabilitated are considered infrastructure with O&M being the responsibility
of the locals. Additionally, since many of the bulkheads are on private lands, rehabilitation would
incur real estate costs which would be prohibitive.

426. Matrix of Oceanfront Design Parameters. Based on the design parameter assumptions
discussed above, 25 combinations of berm widths and dune heights was generated. Some berm
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and dune alternatives were quickly identified as non-constructable given the footprint
requirements of the varying dune options as well as the toe protection required for dune stability.
This eliminated six combinations from the matrix.

427. As the modelling proceeded, it became evident that the "no dune” alternatives provided
virtually no inundation benefits. Inundation was sensitive to dune height and erosion was
sensitive to berm width. To a small degree berm width affected the total storm stage due to the
berm's ability to break the waves further offshore. Both dune and berm affected wave attack.
Four no-dune alternatives were eliminated from the matrix.

428. The results of the initial model runs indicated that berm widths in excess of 200 ft. resuited
in exceptionally higher quantities without a commensurate increase in the performance of reducing
the storm impacts. A similar conclusion was reached with dune heights in excess of +16 ft
NGVD. Additionally, dune heights greater than 16 ft are so high that they are aesthetically
displeasing and block the view of the ocean, even from an elevated the boardwalk. An additional
factor in screening out the larger berm widths is that in some cases they extend beyond the
historic shoreline and would erode at an accelerated rate. This would greatly increase
nourishment requirements, and/or, add costs to modify groins. For these reasons, an additional
four alternatives were eliminated from the matrix.

429. As more alternatives were modeled and net benefits calculated, performance trends became
evident. These trends helped to identify which alternatives would produce the highest net benefits
and thereby optimizing the design. Table 36 summarizes the full matrix of initial alternatives and
the final resuits of the iterative modelling process described above.
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TABLE 36
MATRIX OF BEACHFILL ALTERNATIVES
DUNE HEIGHT BERM WIDTH (FT)
(FEET NGVD)
75 | 100 | 150 | 200 | 250
Existing E|E| M| E E
12.5 M| E| E E E
14 XIM|[ M| M| E
16 x| x| M| M| M
18 x|{ x| x| M| E

E = Eliminated from optimization by evaluation of the performance trends of the nearest neighbor.
M = Modelled.
X = Inappropriate design template (non-constructable or insufficient footprint).

DETERMINATION OF SELECTED PLAN

430. GENERAL. Costs for both of the oceanfront reaches were developed for the alternative plans
discussed above were compared with shore protection benefits to optimize the NED plan in the study
area. This was accomplished using the same numerical modeling techniques utilized in the without-
project analysis coupled with engineering and technical assessments to interpret model results as
applied to the various alternatives. Reduced damages based on the predicted reduction in storm
impacts due to the with-project altemnatives were compared to the without-project results to generate
project benefits. Costs for each alternative were estimated based on standard construction practices
and District experience in the construction of beach nourishment projects.

431. STORM IMPACTS. The with-project conditions are the conditions that are expected based
on the predicted impacts of storm events on the various project alternatives. The periodic
nourishment associated with the project is designed to insure the integrity of the project design. In
the case of beachfill this ensures the project design cross section will be maintained and the
elimination of shoreline recession due to long-term erosion. However, coastal processes will continue
to impact the shoreline along the project area. Storm-induced erosion, wave attack and inundation
were evaluated for the with-project conditions using the same methodologies utilized in the without-
project analyses. The following sections describe the coastal processes which were used to estimate
the with-project damages.

432. Stormm Induced Erosion. The numerical model SBEACH was applied to predict storm-induced
erosion for the with-project conditions for the study area. All SBEACH input variables were identical
to the without-project runs except the input profiles were modified to include the alternative beachfill
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designs. As in the without-project condition, storm events from 5 to 500 year frequency were
analyzed on the with-project alternatives. Model results were reviewed and analyzed for
reasonableness as applied to the varying with-project alternatives. A summary of the with-project
erosion results is presented in Appendix A, Section 2.

433. Tables 37 and 38 present the predicted shoreline response for the alternatives which obtained
the maximum net benefits for their respective reach. The same reference line used during the without
project analysis was used during the with project analysis.

Table 37 - ATLANTIC CITY
Storm Erosion Analysis Predicted Shoreline Erosion Positions
Alternative DY: 200 ft. Berm, 16 f. Dune

Representative Erosion Position (ft)"
P!
Profile
Syr 10yr | 20yr 50 yr 100 yr 200 yr 500 yr
17 485 495 500 525 530 630 675
2% 0 0 0 0 0 400 425
3 30 85 90 100 140 165 180
4% 0 100 110 170 200 320 330
Note:

1/ Distances reported are landward erosion limits of the beach profile landward of the Reference Line.
2/ Landward edge of boardwalk located at 720 ft.

3/ Erosion for portions with geotube truncated at 0, landward edge of boardwalk at 360 ft.

4/ Unfailabie scawall located at 254 ft.

Table 38 - VENTNOR, MARGATE & LONGPORT
Storm Erosion Analysis Predicted Shoreline Erosion Positions
Alternative BX: 100 ft Berm, 14 ft Dune

Representative Erosion Position (ft)"
Profile
Syr 10 yr 20 yr 50 yr 100 yr 200 yr 500 yr
5% 90 95 100 110 170 175 175
6 115 155 160 165 170 180 180
Note:

1/ Distances reported are landward erosion limits of the beach profile landward of the Reference Line.
2/ Bulkhead located at 200 ft.
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434. Storm Inundation and Wave Attack. The post storm recession profiles generated by SBEACH
were used to analyze flooding and wave/run-up attack using the same methodology described in the
without-project analyses. The wave height frequency and stage-frequency data utilized to assess the
alternative designs was identical to that used for the without-project conditions. Appendix A, Section
2 lists the 3 foot damaging wave/run-up impact zones for the beachfill alternatives within each cell
for the 5 through 500 year event as well as the total water elevation profile. Similar inundation
profiles were computed for all cells in order to determine the total water level across the beach profile
and into the community.

435. ECONOMIC EVALUATION OF ALTERNATIVE PLANS. During Cycle 3, economic
benefits derived from the reduction in storm damages were calculated to determine the optimum plan.
Once the NED plan has been identified, other benefits are determined. Recreation is not a Federal
priority benefit category and is not utilized in the optimization of the selected plan. The benefits
leading to project optimization are summarized below and discussed in more detail in the Economic
Appendix.

436. _Storm Damage Reduction. The beachfill design alternatives will reduce storm damage by
reducing profile recession, flooding incurred due to high levels of ocean storm water elevations, and
wave run-up and direct wave impacts. Damages were calculated using the same methodologies and
databases as previously detailed in the without project conditions. The benefits for any given
project are the difference between without project damages and with project damages. The storm
damage reduction benefits (including emergency costs) are shown for all Atlantic City alternatives
in Table 39.
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Table 39
Atlantic City Oceanfront
Storm Damage Reduction By Alternative
(March 1994 Price Level)
Without Project | With Project Storm Damége Percent
Alt. Berm | Dune | Storm Damages | Storm Damages | Reduction Benefits | Reduced
CW 150 | Existing | _ $5,302,000 $3,271,850 $2,030,150 38%
CX 150 +14 $5,302,000 $1,615,980 $3,686,020 70%
CY 150 +16 $5,302,000 $1,371,860 $3,930,140 74%
DX 200 +14 $5,302,000 $1,522,420 $3,779,580 71%
DY 200 +16 $5,302,000 $1,072,830 $4,229,170 80%4
DZ 200 +18 $5,302,000 $958,310 34,343,690 82%
EY 250 +16 35,302,000 $912.040 34,389,960 83%)

Note: In order to extrapolate the with project storm damages for the 250 foot berm alternative, it was assumed that:
(1) wave-inundation damages for Alt. EY was the same as wave-inundation damages for Alt. DY since the dune height is
the same; and (2) erosion damages for Alt. EY were completely eliminated due to the wider berm width.

437. OPTIMIZATION OF ATLANTIC CITY OCEANFRONT. Optimization of the alternatives is
based on storm damage reduction which is the priority benefit category. During this analysis of net
benefits, figure were adjusted to the October 1995 price level. Initial fill and nourishment costs for
the various project alternatives are annualized for comparison to the average annual benefits for a
specific project alternative. Recreation and other incidental benefits were not used in the optimization
procedure. Initial construction, periodic nourishment, and major rehabilitation costs are annualized
over a 50 year project life at 7%%. The average annual costs are subtracted from average annual
benefits to calculate net benefits and select the optimal plan which maximizes net benefits. Included
in Table 40 are the average annual benefits and costs, the net benefits and benefit-cost ratio for storm
damage reduction and reduced maintenance benefits. Plan DY with a 200’ berm and a dune at +16
NGVD is the optimal plan for Atlantic City.
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Table 40
Atlantic City Oceanfront Benefit/Cost Matrix
Average Annual Benefits and Costs for With Project Alternatives
(Oct. 1995 Price Level)
150' BERM 200' BERM 250' BERM
ALT.CW
NO DUNE AVERAGE ANNUAL BENEFITS $2,091,249
AVERAGE ANNUAL COSTS $3,075,593
BENEFIT-COST RATIO 0.68
NET BENEFITS (5984,344)
ALT.CX ALT. DX
+H4'NGVD | AVERAGE ANNUAL BENEFITS $3,796,954 $3,893,330
DUNE AVERAGE ANNUAL COSTS $3,127,149 $3,301,274
HEIGHT BENEFIT-COST RATIO 121 118
NET BENEFITS $669,806 $592,056
ALT.CY ALT. DY ALT.EY
+16'NGVD | AVERAGE ANNUAL BENEFITS $4,048,421 $4,356,451 $4,522,078
DUNE AVERAGE ANNUAL COSTS $3.216,410 $3,399,153 $3,873,690
HEIGHT BENEFIT-COST RATIO 1.26 128 1.17
NET BENEFITS $832,011 §957,298 $648,388
ALT.DZ
+18'NGVD { AVERAGE ANNUAL BENEFITS $4,474.417
DUNE AVERAGE ANNUAL COSTS $3,541,844
HEIGHT BENEFIT-COST RATIO 1.26
NET BENEFITS $932,573

438. It can be seen from Table 40 that costs to increase the berm width rise faster than benefits
between the 200 ft berm and the 250 ft berm. Likewise, benefits with the 18 ft dune do not outweigh
costs associated with the larger dune.

439. The NED plan is that plan which maximizes net benefits. Figure 38 is a 3 dimensional
representation of net benefits for the various Atlantic City oceanfront alternatives. It can be seen that
by changing the dimensions of either berm width of dune height away from the optimum plan (200
foot berm/16 foot dune), net benefits decrease.
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440. The beachfill design alternatives for Ventnor, Margate and Longport will reduce storm damage
by reducing profile recession, flooding incurred due to high levels of ocean storm water elevations,
and wave run-up and direct wave impacts. Damages for the with project alternatives were calculated
using the same methodologies and databases as previously detailed in the without project conditions.
The benefits for any given project are the difference between without project damages and with
project damages. The storm damage reduction benefits (including emergency costs) are shown for
all Ventnor, Margate and Longport aiternatives in Table 41.

Table 41
Ventnor, Margate, Longport
Storm Damage Reduction By Alternative
(March 1994 Price Level)
Without Project | With Project Storm Damage Percent
Alt. Berm | Dune ! Storm Damages | Storm Damages | Reduction Benefits | Reduced
AV 75 +12.5 $6,210,000 $2,833,834 $3,376,166 51%4
BX 100 +14 $6,210,000 $2,219,820 $3,990,180 61°/J
CW 150 | Existing $6,210,000 $4,431,060 $1,778,940 25%4
cX 150 +14 $6,210,000 $2,157,020 $4,052,980: 62%
CY 150 +16 36,210,000 $1,643,870 $4,566,130 70%4
DX 200 +14 $6,210,000 $2,026,430 $4,183,570 64%4
DY 200 +16 $6,210,000{ 31,542,290 34,667,710 yryy |

441. OPTIMIZATION OF VENTNOR, MARGATE AND LONGPORT. Optimization of the
alternatives is based on storm damage reduction which is the priority benefit category. During this
analysis of net benefits, figure were adjusted to the October 1995 price level. Initial fill and
nourishment costs for the various project alternatives are annualized for comparison to the average
annual benefits for a specific project alternative. Recreation and other incidental benefits were not
used in the optimization procedure. Initial construction, periodic nourishment, and major
rehabilitation costs are annualized over a 50 year project life at 7%%. The average annual costs are
subtracted from average annual benefits to calculate net benefits and select the optimal plan which
maximizes net benefits. Included in Table 42 are the average annual benefits and costs, the net
benefits and benefit-cost ratio for storm damage reduction and reduced maintenance benefits. Plan
BX with a 100" berm and a dune at +14 NGVD is the optimal plan for Ventnor, Margate, Longport.
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Table 42
Ventnor, Margate, Longport Benefit/Cost Matrix
Average Annual Benefits and Costs for With Project Alternatives
(Oct. 1995 Price Level)
78 100' 50" 200°
BERM BERM BERM BERM
ALT.CW
NO DUNE AVERAGE ANNUAL BENEFITS $1,832479
AVERAGE ANNUAL COSTS $4,028 980
BENEFIT-COST RATIO 045
NET BENEFITS ($2,196,501)
ALT. AV
+12.5'NGVD AVERAGE ANNUAL BENEFITS $3,477,775
DUNE HEIGHT AVERAGE ANNUAL COSTS $3,271,404
BENEFIT-COST RATIO 1.06
NET BENEFITS $206,370
ALT. BX ALT. CX ALT. DX
+14'NGVD AVERAGE ANNUAL BENEFITS $4,110,268 $4,174,958 | $4,309,478
DUNE HEIGHT | AVERAGE ANNUAL COSTS $3,517,916 $4,313,241 | 34,984,092
BENEFIT-COST RATIO 117 0.97 0.86
NET BENEFITS $592,352 ($138,283) || ($674,614)
ALT.CY ALT. DY
+16' NGVD AVERAGE ANNUAL BENEFITS $4,703,552 | $4,808,189
DUNE HEIGHT | AVERAGE ANNUAL COSTS $4,407,449 | $5,080,370
BENEFIT-COST RATIO 1.07 0.95
NET BENEFITS $296,102 | ($272,181)

Note: N/A icnolcs those alternatives which were not appropriate designs (see Table 36).

442. It can be seen from Table 42 that costs to increase the berm width rise faster than benefits
between the 100 ft berm and the 150 ft berm. Likewise, the 16 ft dune provides less net benefits than

the 14 ft dune.

443, Results of the hydraulic modeling indicated that dune height affects inundation and berm width
affects erosion. This is a simplification, but was found to be generally true. Trends which were
observed when interpreting the results of the storm damage analyses can be applied to the alternatives

in question.

444, 12.5 ft dune/100 ft berm - As seen in table 41, benefits increase ten percent from alternative AV
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to BX. This increase is due almost solely to the wave-inundation damage mechanism associated with
the dune height increase. The increase in berm width from 75 feet to 100 feet had almost no effect
on the benefits. At the same time, costs went up only 7.5 percent, resulting in higher net benefits.
Therefore it can be surmised that increasing the berm width to 100 ft while not increasing the dune
height would result in, virtually the same benefits and higher costs, resulting in less net benefits.

445. 12.5 ft dune/150 ft berm - As seen in table 41, benefits increase only one percent from
alternative BX to CX. Of that increase, $67,500 is due to erosion and $61,680 is due to wave-
inundation. The increase in berm width from 100 feet to 150 feet had a small overall effect on the
benefits. At the same time, costs went up by 23 percent, resulting in greatly reduced net benefits.
Therefore it can be surmised that increasing the berm width to 150 ft while not increasing the dune
height will result in, virtually the same benefits and much higher costs, resuiting in less net benefits.

446. The NED plan is that plan which maximizes net benefits. Figure 39 is a 3 dimensional
representation of net benefits for the various Ventnor, Margate and Longport oceanfront alternatives.
It can be seen that by changing the dimensions of either berm width of dune height away from the
optimum plan (100 foot berm/14 foot dune), net benefits decrease.
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447. GROIN ANALYSIS. Following the selection of the optimized beachfill alternative, groins were
analyzed to determine whether the costs to construct them is offset by the savings due to the
reduction in periodic nourishment. Coincident with this effort, periodic nourishment requirements
based on past reports and historic shoreline change were compared with the results of GENESIS
shoreline evolution modelling.

NUMERICAL MODELLING OF SHORELINE CHANGE

448. GENERAL. In recent years numerical shoreline change models have become an increasingly
popular tool for investigating impacts of proposed coastal projects. Specifically, shoreline change
models are ideally suited for tasks involving the analysis and evaluation of coastal projects with regard
to the long-term fate of beachfills, renourishment cycles and coastal structures designed to enhance
the longevity of placed beach fill material. As part of this Feasibility study, a shoreline change model
has been developed which may be used for predicting relative future shoreline trends and responses
along the Atlantic Ocean coastline of Absecon Island.

449. GENERALIZED MODEL FOR SIMULATING SHORELINE CHANGE (GENESIS). The
shoreline change model used in this study is GENESIS, developed by the U.S. Army Corps of
Engineers, Coastal Engineering Research Center (Hanson and Kraus, 1989; Gravens, Kraus and
Hanson, 1991). The acronym GENESIS stands for GENEralized Model for SImulating Shoreline
Change and encompasses a group of programs developed for simulating wave-induced longshore
transport and movement of the shoreline. GENESIS was developed to simulate long-term shoreline
change on an open coast as produced by spatial and temporal changes in longshore transport
(Hanson, 1987, 1989; Hanson and Kraus, 1989). Wave action is the mechanism producing longshore
transport. In GENESIS, spatial and temporal differences in the transport rate may be caused by such
diverse factors as irregular bottom bathymetry, wave diffraction behind structures, sources and sinks
of sand, and structures such as seawalls or groins which constrain the transport.

450. Capabilities and Limitati GENESIS. GENESIS is designed to describe long-term trends
of the beach plan shape change under imposed wave conditions, boundary conditions, and constraints
due to coastal structures. GENESIS works best in calculating shoreline response when the change
will produce a long-term trend in shoreline movement, as it progresses from one equilibrium state
toward another as a result of some significant perturbation. Shoreline change models ‘are not
applicable to simulating a randomly fluctuating beach system in which no shoreline movement trend
is evident. GENESIS is not applicable to calculating shoreline change in the following situations
which involve shoreline change unrelated to spatial differences in wave-induced longshore sand
transport: beach change inside inlets or areas dominated by tidal currents, beach change produced
by wind-generated currents, storm-induced beach erosion where cross-shore sediment processes
dominate the beach evolution process (this type of beach evolution is best modelled using a cross-
shore transport model such as SBEACH).

451. GENESIS is based on the one-contour-line beach evolution concept. It is assumed that the
beach profile maintains a constant equilibrium profile shape. This implies that the bottom contours
are parallel and the entire profile is translated seaward or fandward for an accreting or eroding
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shoreline, respectively. With this assumption, it is only necessary to consider the movement of one
contour line. For this study, the mean high water (MHW) contour was chosen.

452. Input Data Requirements. There are two dominant physical data types that must be assembled
for input to GENESIS; shoreline position data and wave data.

453. U.S. Army Corps of Engineers LRP survey lines along the project area were analyzed to
determine the average berm height and the depth of closure. These parameters define the vertical
limits of the control volume within which longshore sand transport takes place. Multiplying this
vertical range by the shoreline length and the shoreline change (advance/retreat) allows the conversion
of shoreline change data to volumetric change data. As detailed earlier, GENESIS does not model
the offshore profile response, but assumes that the beach profile retains the same shape while moving
landward and seaward. However, profile information is needed to determine the location of breaking
waves alongshore and depths at the offshore tips of structures, and to calculate an average nearshore
bottom slope for use in the longshore transport equation. To develop this profile information,
GENESIS requires the "effective grain size" (corresponding to the equilibrium profile) to be input.

454. SIMULATION OF LONG-TERM SHORELINE CHANGE. A sediment budget was
developed for the Atlantic Ocean coastline of New Jersey ranging from North Brigantine Island to
Ocean City. The sources, sinks and volumetric rates of sand moving into and out of the region were
investigated (see earlier section "Brigantine Inlet to Great Egg Harbor Inlet Sediment Budget" for
further detail). The objective of the budget study was to account for the gain or loss of sediment
through time by a study of the various factors that influence sediment erosion, transportation and
deposition in the study area.

455. Development of a Wave Climate. The calibration/venification time period modelied extended
from October 7, 1986 to March 6, 1993, based upon the available shoreline position information (see
next section). A wave hindcast in 10 meters of water extending from November 1, 1987 to October
31, 1993 was used as a basis for developing the wave climate. The hindcast was based on WIS
Station 68 data which had been transformed in from deep water using the SHALWAVE routine,
which considers real bathymetry in its computational routine.. As the period from October 7, 1986
to October 31, 1987 was lacking from the available hindcast, steps were taken to fill this gap, based
on analysis of the hindcast and knowledge of the actual wave conditions during that time. Due to
their generally similar mild characteristics, the first three years of data in the hindcast (November 1,
1987 to October 31, 1990) were vector averaged to develop a wave data record to be substituted into
the period of November 1, 1986 to October 31, 1987. The portion of the vector averaged record
from October 7, 1987 to October 31, 1987 was also substituted into the period of October 7, 1986
to October 31, 1986.

456. GENESIS CALIBRATION AND VERIFICATION STRATEGY. Mean high water shoreline
position information from 1986, 1991 and 1993 was available for use in calibration and verification
of the GENESIS model. The shoreline data is specified relative to the project baseline. The 1986
shoreline position was taken from the Leatherman shoreline mapping project and occurred in October
of that year. The 1991 shoreline position was digitized from aerial photographs taken on March 7th.
The 1993 shoreline was taken from planimetric maps of April of that year. As only the 1991 shoreline
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had a day of the month specified, and GENESIS requires that a year, month and day be specified, the
1986 and 1993 shorelines were also assumed to occur on the 7th of the month.

457. The GENESIS grid divides the Atlantic Ocean shoreline of Absecon Island into 198
compartments, each measuring 215 feet. The overall grid extends from the Oriental Avenue jetty in
Adlantic City to the terminal groin at 11th Street in Longport. In developing the grid, cell dimensions
were kept as small as possibie to allow for resolution of the extensive groin fields in Atlantic City and
Longport, as GENESIS requires two cells between groins to be modelled.

458. The RCPWAVE routine was run on the hindcast wave field to develop height and angle
transformation parameters to bring the waves from 10 meter depth to a location landward of
significant offshore bathymetry but prior to breaking, in this case 18 feet of water. The RCPWAVE
grid covers the same stretch of shoreline as the GENESIS grid, dividing it into 33 compartmeénts,
each measuring 1290 feet, for a shoreline resolution of one-sixth that of the GENESIS grid. During
model calibration the GENESIS model was run using its internal wave transformation model and
using the external RCPWAVE wave transformation model, for comparison of results.

459. Model Calibration. Based upon the dates of the available shoreline position data detailed
previously, there was a choice of calibrating the GENESIS model from October 7, 1986 to March
7, 1991, or from March 7, 1991 to April 7, 1993. The latter interval was chosen for two reasons:
wave data for the entire period between the two sampled shorelines was avaitable from the original
hindcast, and, the two shorelines were measured at the same time of year. Thus the shoreline position
data and wave record for the period from March 7, 1991 to April 7, 1993 was used in the calibration
effort, and the shoreline position data and wave record for the period from October 7, 1986 to March
7, 1991 was used in the verification effort. The natural shoreline change occurring between March
7, 1991 and April 7, 1993 can be seen in the appendix.

460. Several parameters were varied and tested during the model development, chief among them
the permeability of existing coastal structures, wave sheltering angles, wave transformation methods,
and the model's internal longshiore transport rate scaling variables.

461. Groins are specified in the model by their longshore location as referenced to the GENESIS
grid, the distance of their offshore tip from the model baseline, and their permeability, specified as a
value between 0.0 and 1.0. An impermeable groin is assigned a value of 0.0, and the model only
allows sand to pass over it or around the seaward end. At the opposite end of the spectrum, a groin
assigned a permeability of 1.0 is treated by the model as being transparent, and has no effect on
longshore transport. It was found that adjusting the value of permeability of one groin could affect
large changes in the shorefine evolution in the immediate area of that groin, but that changes over a
larger area required several groins in tandem to be set to one of the extremes of the permeability
range. This is obviously not the case in nature due to the wide variety of construction types and
conditions detailed in the structure inventory. - As GENESIS does not take into account the inlet
processes which occur at both ends of the study area, and the groin fields are located at the ends of
the study area, it was decided to determine which “k" values produced the best shoreline agreement
in the interior areas of the island (Ventnor and Margate) and then adjust groin permeabilities to
replicate the shoreline at the ends of the study area. Also during model development, wave sheltering
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was investigated, as-any possible effects due to the ebb shoal on the Brigantine side of Absecon Inlet
were not accounted for in the wave hindcast. Lastly, the GENESIS model was run using its internal
wave transformation model, and using the external RCPWAVE wave transformation model.

462. During the model development trials, it was found that using the external RCPWAVE wave
transformation model resulted in better shoreline reproduction and estimates of longshore transport.
RCPWAVE was used in the trial which was selected to represent the calibrated model. The
calibrated model produced an average longshore transport rate of 1,200,000 cy/yr (Figure 40), which
is approximately an order of magnitude higher than previous predictions. SEDTRAN, a subroutine
which computes the potential longshore sand transport rate for a wave record, was run on the
hindcast wave record and indicated an average transport rate of 560,000 cy/yr over the record length.
That the average transport rate for the entire record is several times greater than previous predictions,
and the average transport rate for the calibrated model is an order of magnitude higher than previous
predictions, is due to the amount of storm activity present in the wave record, specifically in the
calibration time period of March 7, 1991 to April 7, 1993. The beginning years of the hindcast wave
record describe mild conditions, and reveal below average transport rates, as detailed in the next
section. The investigation of wave sheltering resulted in waves approaching from an angle of greater
than 50 degrees being sheltered in the calibrated model. (An observer on the shore, facing seaward,
would consider a wave approaching from the left to be a 90 degree wave, and a wave approaching
from the right to be a -90 degree wave.) Sheltering waves above the 50 degree mark eliminates
approximately 7 percent of the energy of wave spectrum.

463. During model development, the Ocean One shopping mall pier in Atlantic City and the Ventnor
fishing pier were added to the model as permeable groins based upon results of model trials and
inspection of the naturally occurring shorelines and bathymetry. The model had trouble replicating
conditions in the Atlantic City groin field, particularly in the area between Steel Pier and the Ocean
One shopping mall pier. This may be due to the magnitude of the natural variations which occur
naturally throughout the groin field. All model trials showed excessive erosion just updrift of
GENESIS cell 115 (approximately 0.5 miles south of Ventnor fishing pier) and excessive accretion
just downdrift. Indeed, this is the only area where the model results differ significantly from nature
in Ventnor and Margate in the calibrated model. As this phenomenon is not witnessed in the naturally
evolving shorelines, it may be due to the model's requirement that the entire project area's shoreline
orientation be specified by one angle in the development of the wave record. This requirement
introduces error into the modelling, as the shoreline of Absecon Island is generally concave. In
addition, GENESIS cell 115 may be considered the point of curvature of the island, which may be
causing the unnatural shoreline evolution in this area. The difference between the GENESIS
predicted April 7, 1993 shoreline, and the measured April 7, 1993 shoreline is shown in the appendix.

464. Model Verification. The shoreline position data and wave record for the period from October
7, 1986 to March 7, 1991 were used to verify the calibrated model described above. The natural
shoreline change occurring between October 7, 1986 and March 7, 1991 can be seen in Figure 41.
The only difference in the model formulation was that the 250,000 cy of fill added to the Longport
beach face between 11th and 25th Streets in June 1990 was input to the GENESIS model as a source
of sand.
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465, The verification time period takes place immediately after the 1,000,000 cy il in Atlantic City
in F985. As the aatural shoreline evelution over this period shows, the southern and norther ends
of the Atlantic City groin field accrete, while there is a stight eroston in the area between Garden Pler
and Sieel Pler, whick is a suspecied nodal zone. The verification of the calibrated model indicates
an gverage longshore transport rate of 40,000 cyfyr  (Figure 423, which is lower than previous
predictions, but s axpected, as this time period was known to have a mild wave climate.

466. The difference between the GENESIES predicied Apsri) 7, 1993 shoreline, and the measured April
7, 1993 shoreline is shown in Figure 43 Although the model has difficuity in several locations
reproducing the naturally evolving shoreline, it does simulate the farge-scale trends of sediment
trangport occutring over the island. Thus it was decided to proceed to & with project analysis to
investigase relative changes in shoreline evolution for different thme intervals.

467 ANALYSIS OF THE OPTIMIZED BEACHFILL DESIGN. To develop estimates of
renourishment rates for the selected plan for various cycle fengths, the calibrated modet conditions
are applied o the base year shorefine of the constructed project. Wave record leagths of one year
tc 1w years in duration are apphied to the base year shoreline to afow for economuc optimization of
the renourishament cycle.

468, The one deviation from the caltbrated model is that in the analysis of the future conditions, the
shoreline accretion due 10 mechanical dune-buiiding operations is removed from the model as it is
assurned that all beach il activities will be a fanction of the chosen perindic rerourishment cycle,

. > Y& reling. The mean high water shoreline position data based on the design template
wmusod as ammgpmmmdwdamngmbmycarshordfmm will ocour in the year 2001,
These data were then checked against the 1993 measured shoreline potition data. Two reaches were
discovered where the 1993 shoreine was seaward of the design template shoreline. In these areas
(GENESIS cells £-3 and 68-87) the 1993 shoreline position data were substituted for the design
template shoreline position data.  Baoth of these areas are outside of the arca of Atlantic City
{GENESIS cells 3-64) in which long-term shoreline erosion was indicated.  Fill will stifi need to be
placed in these areas o raise the berm elevation and construct the dune. The adjusted base year
shoredine is shows in Figure 44,

Res . pinent. B owas necessary to determine an average condition wave record
toapp!ywthebmmsimdmewpmdmmshmm To accomplish this, the
hindcast wave record was spiii into six one-year segments.  For each year, the 90 to 9 degree
direciional specteurm was divided imn 15 anghe bands, each of 10 degree width. For cach angle band
in a given year, the number of wave ocourrences and the percentage of the spectral energy in that
angle band was computed. For a given angle band, the sumber of occurrences for each of the six
years were sveraged, as were the percentages of the specteal enargy.  Standard deviations were aiso
computed. 1f the number of vccurrences or the percentage of spectral encrgy in an angle band ina
given year fiekt within plus or minus one standsrd deviation of the aversge for that angle band, it was
considered a hit, Values outside of a ont: standard devistion range of the average were considered
10 be amiss. The number of hits for cach yoar was then totalled, with the year containing the most
hits being considersd as the mont representative year of the wave recard,
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471. From this analysis it was determined that the second year of the hindcast wave record,
November 1, 1988 to October 31, 1989, was the most representative year of the six year hindcast.
Thus in the with project analysis, this year's wave record was appended, end-to-end, as many as ten
times to manufacture the desired lengths of wave record to be applied to the base year shoreline
conditions.

472. Model Output. As the shorelines generated by the model are prone to local spikes, it was
decided to first analyze the model predictions as a function of the cumulative volumetric change
within each municipality's incorporated boundary. Table 43 shows that Atlantic City and Longport
eroded each year, and Ventnor and Margate accreted each year. Logically, the accretion in Ventnor
and Margate cannot continue indefinitely. Possible explanations of this phenomenon are: the
accretion may stop or reverse if wave records of longer than ten years duration were applied to the
base year conditions; representing a long period by repeating a one year representative wave record
does not account for the variability of wave climates seen in nature; and one possible sink, offshore
loss, is not represented by the model. If these numbers were to be used to recommend a
renourishment cycle, only the losses in Atlantic City and Longport should be considered. The amount
of fill needed to renourish the Atlantic City and Longport shorelines should not be reduced by the
amount of accretion occurring in Ventnor and Margate. However, the values reported by the model
based on the predicted shoreline were roughly 15 to 20% of the historical estimates of renourishment
requirements (Table 43).

473. When the model predicted shorelines are examined on a cell by cell basis, it is seen that each
municipality has areas of erosion and areas of accretion. Thus, it was deemed as too broad a
generalization to state that Ventnor and Margate continually accrete and do not require
renourishment. Investigating the minimum (farthest landward retreat) shoreline computed by
GENESIS allows a more conservative view of the model output. In this scenario, shown in Table
44, the predicted volumetric changes within municipal boundaries are in much better agreement with
the historical predictions.

474. GROINS. Additional groins were added to the base year model to investigate if their sand
trapping capability could reduce the required renourishment rates sufficiently to offset their cost. The
area to the south of the existing Atlantic City groin field was the site of this investigation, due to the
impact of the existing groins and local changes in shoreline orientation. In an attempt to smooth and
stabilize the shoreline in this area, 100 feet was removed from the seaward end of the groin at Martin
Luther King Boulevard (GENESIS celt 32), and four groins were added to the south: Ohio Avenue
(GENESIS cell 35) extending 300 feet seaward of the MHW shoreline, Georgia Avenue (GENESIS
cell 43) extending 200 feet seaward of the MHW shoreline, Texas Avenue (GENESIS cell) extending
100 feet seaward of the MHW shoreline, and Brighton Avenue (GENESIS cell 52) also extending
100 feet seaward of the MHW shoreline.

475. The model results indicate that any benefit due to the amount of sand trapped by the groins will
be offset due to a roughly equal amount of starvation occurring immediately downdrift of the groin
field The presence of the additional groins does not appreciably affect change in the renourishment
rate predictions outside of Atlantic City. Table 45 compares the Atlantic City renourishment rate
predictions for the with project scenario with and without the additional groins. The permeability
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ATLANTIC CITY HOURKSHMENT REQUIREMENTS
WITH AND WYTHOUT ADDITIORAL GROINS

~HYgle.. ¥io Grolns
1 year 260,009
2 year 330,000
2 year 390,800
4 year 440,800
S year 490,000
& year 546,000
7 year 320,000
B vear 630,000
9 year 650, 800
14 year T30, 000

Table 45
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W Seing
270,000
350,000
400,000
450,000
490,000
520,000
560,000
590,000
&£20,6000

850,500

Yehwe Saved
{10,000}
{20, 600)
(10,000}
{10, 040)

0
20,000
30,000
40,000
&0, 600

80,000
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value assigned to the new groins was consistent with values assigned to existing groins in the
calibrated model. As newly constructed groins may be less permeable, a lower permeability value was
assigned to the new groins, and the model was run again. The increased amount of sand trapped by
the groins was offset by an increased amount of starvation downstream of the groin field, thus it was
conciuded that new groin construction for the purpose of lowering the required renourishment rates
was not economically justified.

476. RENOURISHMENT RATES. As the duration of the renourishment cycle is increased, the
incremental quantity required as predicted by the model lessens. In addition, as the total quantity
increases, the unit price decreases. Thus the annualized cost of the fill material continually decreases
as the renourishment interval is increased. Also, with the increase in the duration of the
renourishment cycle comes a corresponding decrease in the annualized cost of dredge mobilization
and demobilization. The annualized cost of the engineering and surveying work required for the
renourishment operation also decreases as the renourishment interval is increased. With all of the
costs associated with renourishment operations decreasing as the renourishment interval is increased,
economic optimization will occur at the longest interval for which data is provided, in this case a ten
year interval. '

477. However, this economic analysis does not take into account the risk of a large storm occurring
during the interval between renourishment operations nor the risk of higher energy year (one outside
the envelope of represented by the sample-wave record) occurring. These risks grow with every year
the renourishment cycle is increased. This method of analysis will yield a result based upon the
largest storm which occurred during the wave record used. However, there is a certain annual
probability of occurrence of all storms larger than the lowest frequency storm contained within the
wave record. Each year's predicted renourishment rate should not be viewed as a single number, but
as an envelope containing a specified percentage of all possible shorelines. At the present time, there
is no generally accepted method to quanify this risk and apply it to the economic analysis, but
common sense dictates that the increase in this risk would diminish returns as the renourishment cycle
1s lengthened. )

478. Sorensen, Weggel and Douglass (1989) studied the most recent Atlantic City beach fill in 1986
and Everts et al. (1974) studied the 1963 and 1970 fills. Everts et al. (1974) concluded that most
sand is lost to the offshore region during the period from September through March, thus placing the
fill material in the spring will maximize its residence time on the beach face. Everts et al. (1974) also
found that the rate of loss of fill material is proportional to the quantity placed at one time, and thus
recommend placing smaller volumes on a more frequent basis to maximize overall residence time.
Sorensen, Weggel and Douglass (1989) also recommended frequent placement of small volumes, with
the renourishment cycle in the two to four year range.

479. Thus, based on model results, historical predictions, and past experiences in Atlantic City and
elsewhere, a three year renourishment cycle, with a total quantity of 1,190,000 cy for the Absecon
Island shoreline is recommended. Further, it is recommended that the fill be placed in the spring to
maximize residence time.

480. GROIN FIELD. Reduced nourishment rates within Atlantic City due to the proposed groin
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field are show in table 45, 1 this groin feld were built in Atlantiz City as part of the selected plan,
the annualized cost would be $335,603, while there would be no savings {benefits} in reduced
periodic nousishent. Therefore, the placement of a groin feld in combination with Plan DY &t
Addantic City is not justified. Similarly, the groin ficld option proposed in Cycle 2 for Longport is also

481. EXTENSION OF THE LONGPORT TERMINAL GROIN. The remaining groin option from
the cycle 2 analysis wes the sxtension of the Longport terminal groin as 2 way to decrease ead losses
At the scuthern tesmninus of the project. This aption must be looked at in relationship to the borrow
areas, other projects in the vicinity and potential downdnift impacts,

482, Design Constraings. The outer end of a groin desigred to protect a beachfill should be placed
where the designed beach sfope intersects the existing bottom. Groins placed at the southom
terminus of New Jersey's Darrier islands are known to frap sodiment o such & degroe thal starvation
of the downdrift beach can ocour, Also, groins that extend seaward of the breaker zone may force
sand to Howe too Bz offshore 1o be returned 1o the downdrift beaches, o in this case, the Great Egg
Harboy Inlet ebb shoal,

483. Extending the Longport terminal groin would likely impact the sediment budget in Great Egg
Harbor Iniet and therefore impact both the Longport borrow ares identified in this study and the
borrow area currently being used for the Peck Beach/Ocean City Federal project.

484, Longport Borrow ares Congiderations. During all three time periods analyzed in the sediment
budget, the Grest Egg Hashor Inlet control volume experienced shoal growth of varying rates.
During the period from 1986 to 1993, growth of the Gireat figg Harbor Inlet shoals was
aparoximately 200,000 oyfyr. A combisation of extending the Longpont terminel groin and
borrowing from the Longport borrow area would produce a range of negative ivnpacts which would
likely exceed any possible benedits of reduced nourishment guantities.

485, CYCLE 3 SUMMARY. Tables 35, 40 and 42 idemify the optimized plans for the study area.
Included in these tables are the xverage anvaal benefits and comts, the net benefits and benefit-cont
ratio for storm damage reduction.  Plan DY, which provides a 200 &. berm and a dune with an
clevation of +16 B. NGVD is the optimal design in Atiantic City, while the optimal beachfill design
in Vergnor, Margate & Longport is Plan BX which provides x berrs width of 100 R, and dune with
an clevation of +14 R NGVD. The bulkhead design was the optimum plan for the inlet frontage of

#86. The optimized plans are Rather detailed in the following Setected Plan chapier.



187

SELECTED PLAN

IDENTIFICATION OF THE NED PLAN

487. The National Economic Development (NED) Plan is defined as that plan which maximizes
beneficial contributions to the Nation while meeting planning objectives. Most of the beachfill plans
considered meet the planning objectives in that they provide a degree of storm damage protection
which is greater than the cost of implementation. The NED plan for the oceanfront of Atlantic City
is beachfill with a berm width of 200 ft. and a dune with an elevation of +16 ft NGVD and for
Ventnor, Margate and Longport the NED plan is beachfill with a 100 ft. berm width and dune with
an elevation of +14 ft NGVD. The NED plan for the inlet frontage of Atlantic City is to construct
two bulkheads which tie into the existing structure. These plans were chosen because they provided
the maximum net storm damage reduction benefits.

488. The proposed project does not include fill on privately owned shores or on lands behind erosion
control lines.

489. DESCRIPTION OF THE SELECTED PLAN. The design of the selected plan is complete and
is consistent with Corps criteria as described in the Shore Protection Manual, CETNs and accepted
engineering practice. Additional design work (ie. a Design Memorandum) is not needed with the
exception of geotechnical sampling which can be completed concurrent with the development of plans
and specifications. The following section describes the selected plan for the study area.

490. Absecon Island Oceanfront. The selected plan for the Absecon Island ocean frontage is a
beachfill restoration. In Atlantic City, the beachfill will consist of a 200" wide berm with a top
elevation of +8.5 NGVD. A dune with a top elevation of +16 NGVD, top width of 25', and side
slopes of 1V:5H will also be constructed, with the landward toe of the dune located 25’ seaward of
the seaward edge of the boardwalk. In Ventnor, Margate, and Longport the beachfill will have a 100"
wide berm with a top elevation of +8.5 NGVD. Dunes will also be constructed to a top elevation of
+14 NGVD, with a 25' top width, and side slopes of 1V:5H. The initial beachfill for the entire study
area oceanfront will require a total volume of 6,174,013 cy of sand placed over a total length of
42,825 linear feet. The fill volume includes initial design fill requirements plus advanced nourishment.
Periodic nourishment of 1,666,000 cy would be placed every 3 years. The beachfill will be
transitioned from a 200’ berm to a 100’ berm between Atlantic City and Ventnor over a distance of
1000".

491. Beach Access. The beach access strategy includes natural beach walkover paths, up and over
the dunes at a skewed angle and delineated by sand fencing. The sponsor is responsible for
maintaining the access ways by replacing fencing as needed, and providing additional sand fill if the
access way degrades upon the design dimensions of the dune template. These walkovers would be
strategically placed at most street ends or other traffic areas. The final location and dimensions of
these walkovers and access ways will be coordinated with the sponsor and local communities during
the preparation of plans and specifications. These walkover paths are in addition to any existing
structural walkover features currently in place.
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492, Vehicular access will be afforded at existing vehicular access points. These areas will be
strengthened by rollup articulated pressure treated timber matting. These areas will also provide
handicapped access as well. The final location and number of vehicular and or handicapped access
points will be further coordinated with the communities during the development of plans and
specifications.

493. The local communities may have special, site specific requirements for beach access
appurtenances which may require the construction of additional, or modification of proposed access
paths. This is conditionally acceptable with the COE as long as the access plans are fully coordinated
with the COE to ensure no loss of project integrity, and with NJDEP for adherence to State coastal
zone regulations.

494. The plan also includes the planting of 91 acres of dune grass and the erection of 63,675 linear
feet of sand fence. Survey cross sections used to develop the selected plan beachfill volumes are
presented in Appendix A. Annual operation and maintenance for the dune and dune crossovers is
estimated to be $32,750. [The selected plan layout is shown in figures 45 through 53].
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495. Beachfill Taper. At the northern end of the study area, no taper of the beachfill was required
because the proposed beachfill will begin at the Oriental Avenue Jetty. At the southern limit of the
study, no taper was required as the proposed beachfill ends at the terminal groin in the community
of Longport.

496. Transition Taper. The selected plan incorporates a transition, 1000 feet in length, from the
southern end of the 200 ft. berm width in Atlantic City to the beginning of the 100 ft. berm width in
Ventnor.

497. OQutfall Extensions. Outfalls that do not extend past the construction template will require
extensions so that they remain functional. Outfall extension quantities and costs are given in detail
in Appendix E. The total cost of all outfall extensions is $787,154. The annual operation and
maintenance of the project includes repairs to the storm drain outfall pipes and timber crib structures
that may be damaged by storms or suffer deterioration over time. The annual cost for these repairs
is estimated to be $17,700 and is based on operation and maintenance experience for projects within
the Philadelphia District having similar exposure to the ocean environment.

498. Major Rehabilitation. Major rehabilitation quantities were developed in accordance with
ER1110-2-1407 to identify additional erosional losses from the project due to higher intensity (low
frequency) storm events. The nourishment rates developed for the project alternatives include losses
due to storms that have occurred within the analysis period, storms of approximately 50 year return
period and more frequent are encompassed in those rates. Major rehabilitation losses are computed
as the losses that would occur from the 50% risk event over the project life. The annual percent
frequency event with a 50% risk during the 50 year economic project life is 1.37%. The period of
record of stages recorded at the study area is approximately 73 years, and the storm of record was
the March 1962 northeaster. This storm was not only the stage of record but also by far induced the
greatest loss of beach material during the period. The 1962 northeaster was considered to be the
50% risk event for the purposes of the major rehabilitation analysis. SBEACH was employed to
compute volumetric erosion from the selected beach alternative design profile utilizing the hydraulic
input parameters from the 1962 northeaster. Water levels and waves were hindcasted at the study
area for the storm, and all model parameters were identical to the without and with-project analyses.
Volumetric storm induced erosion was computed within each cell for the design beach profile and
then an average loss quantity was computed for Atlantic City, Ventnor, Margate and Longport.
Based on methodologies and experience developed at the Philadelphia, Wilmington and New York
Districts, Corps of Engineers, it is has been estimated that between 60 and 75 % of the material
displaced during large storms will return to the foreshore within weeks and only the remaining 25 to
40 % will require mechanical replacement. Therefore, as an estimate of the necessary major
rehabilitation quantity, a volume equal to 50% of the estimated eroded volume will require
mechanical placement onto the beach to regain the design cross-section and insure the predicted level
of storm damage reduction.

499. It is estimated that volumes of 335,850 and 297,830 cubic yards within Atlantic City and
Ventnor Margate and Longport, respectively, would be required to perform major rehabilitation in
response to the 50% risk event over the project life.
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500. Absecon Inlet Frontage. The selected plan for the Absecon Inlet frontage consists of the
construction of an anchored timber sheet-pile bulkhead in two separate sections; one from Madison
Ave. to Melrose Ave., for a length of 550 feet, and one section from Atlantic Ave. to Oriental Ave.,
for a length of 1,050 feet. The timber sheet-pile bulkhead would be aligned with the existing
bulkhead constructed along Maine Ave. at both locations. From Atlantic to Oriental Aves., the
bulkhead would be located at the seaward edge of the existing boardwalk. Both sections of bulkhead
would be constructed to a top elevation of +14 NGVD, with king piles and steel tie rods. A
revetment of rough quarrystone with a ten foot crest width and seaward slope of 2H:1V will be
constructed to an elevation of +5 NGVD on the inlet side of the bulkhead. This bulkhead would
prevent damages from inundation and wave attack. A cross section of this bulkhead is shown in
Figure 34. Analysis of revetment stone size is also presented in the Engineering Appendix.

501. Real Estate. Real estate requirements include fill easements, temporary and permanent access
easements, and borrow area easements (see the Real Estate Plan, Appendix E). The borrow area
easements will be provided at no cost by the State of New Jersey. Real estate acquisition costs are
zero, however, administration costs associated with obtaining easements are estimated at $107,728.
Storm drain outfall extensions are considered items of relocation and are the responsibility of the local
sponsor. -

INITIAL PROJECT COST ESTIMATE

502. The estimated first cost for the selected plan described above is $52,146,000 October 1995
price level) which includes interest during construction, real estate acquisition costs (including
administrative costs), engineering and design (E&D), construction management (CM) and associated
contingencies. E&D costs include preparation of plans and specifications, environmental, cultural
and coastal pre-construction monitoring and the development and execution of the Project
Cooperation Agreement (PCA). A summary of the first cost is shown in Table 46.
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TABLE 46
TOTAL FIRST COST SUMMARY
OCTOBER 1995 PRICE LEVELS
Description of Item Qty Unit Unit Est. Amount Contingency Total Amount
Price
Lands and Damages
Post Authorization Planming | ¢ 0 0 0 0 0
Relocations 0 Job LS 684,482 102,672 787,154
(Outfall extensions)
Required Easements Incl 0 Job LS 93,675 14,053 107,728
Surveys, Appraisal and
Admin
Total Lands and 0 0 0 778,157 116,725 894,882
Damages
Beach Replenish and Bulkhead Construction
Mobilization, Job LS 378,515 45,422 $423,937
Demobilization and
Preparatory Work
Beachfill 6,174,013 CY }564 34,821,433 5,204,693 $40,044,648
Dune Grass 440,440 SY | 2.41 1,061,460 159,219 $1,220,679
Sand Fence 63,675 LF 3.89 247,696 37,154 $284,850
Bulkhead w/ revetment 1,600 LF LS 4,461,006 669,152 $5,130,158
Planning, Engineering and Job LS 1,105,000 165,750 $1,270,750
Design (PED)
Construction Management Job LS 2,500,959 375,144 $2,876,103
(S&A)
Total Beach $44,576,069 $6,675,056 $51,251,125
Replenishment
Project Total

Total Project $45354,226 $6,791,781 $52,146,007
First Cost
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503. Interest During Construction. Table 47 displays the calculations for interest during
construction. The duration of construction for the project is estimated at nineteen months. Itis
assumed the construction costs would be evenly distributed over that period.

504. Total Sand Quantity Required. The beachfill project requires a conservative estimate of
approximately 32 million cubic yards over its anticipated 50 year project life. Initial construction
of the project would require approximately 6.2 million cubic yards while the periodic nourishment
is estimated at 1.7 million cy every three years. Approximately 300,000 cy of material per year is
estimated to infill the Absecon Inlet borrow site (Site A) between nourishment intervals (900,000
total for the 3 yr cycle). This is a difficult quantity to predict and is viewed as a conservative
estimate, particularly after the project is constructed. Our sediment budget analyses (Appendix
A) indicate that there is considerably more sand currently being transported in the littoral system
along Absecon Iniet {on the order 550,000 cy).

505. Following the construction of the project, additional sand will become available to the
ongoing littoral processes. Thus, there should be a significant increase in the gross transport of
sand, most notably from the northern portion of Atlantic City, both north into the inlet as well as
further south along Absecon Island. In addition, once the Absecon Inlet borrow site has been
dredged, it will create a localized sediment sink which will be more effective at trapping sand
entrained in the littoral system. Therefore, the actual infilling of Site A may be greater than
predicted. This would cause Site A to have additional longevity over what is currently estimated.

506. Based on existing bathymetry (1994), Site A contains approximately 10.3 million cy of
beach quality sand. An additional 1 million cy of material is estimated to naturaily deposit into
Site A area prior to construction, for a future total of approximately 11.3 million cy. Assuming an
initial beachfill requirement of 6.2 million cy, that would leave a baiance of just over 5 million cy
for future nourishment efforts (in addition to the infilling volume of 900,000 cy per 3 yr cycle).
Therefore, the Absecon Inlet site can reasonably be expected to be the sole source of beachfill
material for the initial construction and first six to seven nourishment efforts (approximately years
2019-2022). Post project monitoring will confirm the actual beach losses and borrow site
infilling. Changes in nourishment requirements, grain size distributions, infilling rates, etc., could
either increase or decrease the projected time horizon for sole utilization of Site A for sand
mining. Supplemental sand requirements during the life of the project would then be available
from the other two borrow sites identified, or other alternative future sites, on an as needed basis.

507. Periodic Nourishment. Periodic nourishment is expected to occur at 3 year intervals
subsequent to the completion of initial construction. Based on a volume of 1,666,000 cubic yards
for each nourishment cycle, the total cost per operation, or cycle, is estimated to be $12,188,000
(October 1995 price levels). The total estimated annualized cost of periodic nourishment is
38,133,859 over the 50 year life of the project.

508. Annualized Construction Costs. Annualized costs including first costs, real estate costs,
interest during construction, and major rehabilitation costs are shown in table 48.

509. Project Monitoring Pian. The project monitoring plan will document beach fill performance
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and determine conditions within the borrow areas. Periodic assessments will assist in determining
renourishment quantities. The program was developed in accordance with EM-1110-2-1004, ER-
1110-2-1407, CETN-11-26 and the draft CETN dated 3/13/95 entitled "Recommended Base-level
Physical Monitoring of Beach Fills." The following items are to be included in the project
monitoring plan: Pre- and post-construction monitoring will consist of beach profile surveys,
sediment sampling of the beach and borrow areas, aenal photography, and tidal data collection.
The field data collection will be followed up by lab and data analyses. The proposed monitoring
program will begin at the initiation of pre-construction efforts and continue throughout the project
life. The monitoring program is further described in Appendix A, Section 2. Costs of the
monitoring plan can be seen in table 49.
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Table 47
l ABSECON ISLAND
INTEREST DURING CONSTRUCTION

Piscount Rate: 7.625%

hse Date: Apr-1999

[Start Date: Nov-2000

Monthly Interest Total
MONTH Costs Factor Cost
1 $3,942,725 1.123386 $4,429,204)
2 $2,671,975 1.116528 $2,983 336
3 $2,671,975 1.109712 $2,965,123
4 $2,671,975 1.102937 $2,947,021f
5 $2,671,975 1.096204 $2,929,030}
6 $2,671,975 1.089512 $2,911,14%4
7 $2,671,975 1.082861 $2,893,3774
8 $2,671,975 1.076250 $2,875,71%
9 $2,671,975 1.069680 $2,858,157%
10 $2,671,975 1.063149 $2,840,709
11 $2,671,975 1.056659 $2,823 367
12 $2,671,975 1.050208 $2,806,130
13 $2,671,975 1.043797 $2,788,999]
14 $2,671,975 1.037425 $2,771.973
15 $2.671.975 1.031091 $2,755,050
16 $2,671,975 1.024797 $2,738,231]
17 $2,671,975 1.018540 $2,721,514
18 $2,671,975 1.012322 $2,704,900
19 $2,671,975 1.006142 $2,688,387
Total First Cost: $52,146,000

Total Investment Cost: $55,546,0000
$52,146,0000
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Table 48
ABSECON ISLAND
BEACHFILL & NOURISHMENT
PRESENT WORTH ANALYSIS
| Base Year 2001 Discount Rate: 7.625%
Type Year Cost PW Factor PW Cost
Initial Cost 0 52,038,300 1.000000 52,038,300
Real Estate (Admin. 0 108,000 1.000000 108,000
Costs)
IDC 0 3,400,000 1.000000 3,400,000
Periodic Nourishment 3 12,187,595 0.802159 9,776,390
Periodic Nourishment 6 12,187,595 0.643459 7,842,220
Periodic Nourishment 9 12,187,595 0.516157 6,290,708
Periodic Nourishment 12 12,187,595 0.414040 5,046,149
Periodic Nourishment 15 12,187,595 0.332126 4,047,814
Periodic Nourishment 18 12,187,595 0.266418 3,246,991
Periodic Nourishment 21 12,187,595 0.213709 2,604,603
Periodic Nourishment 24 17,372,450 0.171429 2,978,140
Periodic Nourishment 27 12,187,595 0.137513 1,675,956
Periodic Nourishment 30 12,187,595 0.110308 1,344,383
Periodic Nourishment 33 12,187,595 0.088484 1,078,409
Periodic Nourishment 36 12,187,595 0.070978 865,056
Periodic Nourishment 39 12,187,595 0.056936 693,912
Periodic Nourishment 42 12,187,595 0.045672 556,628
Periodic Nourishment 45 12,187,595 0.036636 446,504
Periodic Nourishment 48 12,187,595 0.029388 358,167
TOTAL 104,398,331
Capital Recovery Factor (50 Years @ 7.625%): 0.078235

AVERAGE ANNUAL COSTS:

$8,167,600
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Table 49
MONITORING COSTS
PRESENT WORTH COST ANALYSIS
Base Year 2001 Y
Discount Rate 7.6265%
TYPE YEAR COST PW FACTOR PW COST
Monitoring ] 0 1.000000000 0
Monitoring 1 284000 0.929152149 263879
Monitoring 2 251000 0.863323715 218694
Monitoring 3 284000 0.802159085 227813
itoring 4 251000 0.745327838 187077
Monitoning 5 284000 0.692522962 196677|
Monitoring € 251000 0.643453198 161508
Monitoring 7 284000 0.597871496 169796
| Monitoring 8 251000 0.555513585 139434
| Monitoring 9 284000 0.516156641 146588
Monitoring 10 251000 0.479588052 120377
Monitoring 11 284000 0.445610269 126553}
Monitoring 12 251000 0.414039739 103924,
Monitoring 13 284000 0.384705913 109256
Monitoring 14 251000 0.357450326 89720
Monitoring 18 284000 0.332126738 54324
Mornitoring 16 251000 0.308595344 77457
Monitoring 17 284000 0.206732027 81432
| Monitoring 18 251000 0.256417879 66871
Morstoring 19 284000 0.247542558 70302}
Monitoring 20 251000 0.230004700 57731
Maonitoring ral 284000 0.213709361 60693
Monitoring 22 251000 0.198568512 49841
jMonitoring 2 284000 0.184500360 52398
Monitaring 24 251000 0.171428906 43029
Marvtoring %5 284000 0.159283536 45237|
| Monitoring 26 251000 0.147998640 37148
Monitoring 27 284000 0137513254 39054
Monitoring 28 251000 0.1277707%6 32070
Monitoring 29 264000 0118718454 33716
Monitoring 30 251000 0.110307506 27687
Monitoning 3t 254000 ©.102482456 29108,
Manitoring R 251000 0.095231006 23903
Monitoring 3N 284000 0.088484168 25130
Monitoring kL 251000 0.082215255 20836
Monitoring 35 284000 0.078390481 21695
Monitoning k- 251000 0.070078379 17816
Manitoring v 284000 0.085949714 18730
Monitoring 38 251000 0.081277318 15381
Monitoring 38 284000 0.05693%052 18170]
Monitoring 40 251000 0.052902162 13278
Monitoring a 284000 0.049154158 13960
Monitoring 42 251000 0.045671691 11464
Monitoring 43 284000 0.042435950 12052
Monitoring 44 251000 0.039429454 9897
Manitaring 45 264000 0.036635962 10405]
Monitoring 46 251000 0.034040383 8544
Mordoring 47 284000 0.031820695 2983,
Monitoring 48 251000 0029387870 7378
NMonitoring 49 284000 0.027305802 7785
Monitoring S0 [ 0.025371245 0
TOTAL 3,420,567
Capital Recovery Factor (S0 Yewrs § 7.625%) 0.07823491724

AVERAGE ANNUAL COSTS
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TOTAL ANNUALIZED COSTS

510. The estimated total annualized cost of the selected plan is $8,504,281, which is based on an
economic project life of 50 years and an interest rate of 7.625% (October 1995 price levels). This
cost includes the annualized first cost, interest during construction, annualized periodic
nourishment costs, annualized major rehabilitation costs and post construction monitoring costs.

511, CONSTRUCTION AND FUNDING SCHEDULE. An estimated schedule of expenditures
by year is shown in the Project Management Plan (PMP). The PMP describes activities leading
to, through and after construction of the selected plan.

INCIDENTAL BENEFITS

512, RECREATION BENEFITS. Incidental recreation benefits are included in the final
accounting of total benefits of the selected plan.

513. Without Project Conditions. New Jersey Beaches are consistently the number one travel
destination in New Jersey. Tourist dollars contribute directly and indirectly to the regional
economy. In 1992, the New Jersey Travel Research Program reported that travel and tourism
generated 346,000 jobs in the state with a total payroll of $7.6 billion. In addition, the number of
visitors to Atlantic City has recently experienced a slight increase. In 1994 the total number of
visitors was an estimated 3 1.3 million according to the South Jersey Transportation Authority.
This represented a 3.6% increase over the previous year's visitor count.

514. A contingent valuation method survey was completed by the Rutgers State University for
the New Jersey Department of Environmental Protection and the U.S. Army Corps of Engineers
to determine willingness to pay for the existing beach and an enhanced beach. This is done on a
regional basis, encompassing the major beach communities of Atlantic City, Ventnor, Margate,
and Longport, It consisted of 1,063 interviews of a random sample of recreational beach users.
The interviews were conducted in person on the beach during the summer of 1994.

515. Beachgoers were asked to indicate how important different factors were in deciding whether
to visit a New Jersey beach. Respondents voiced similar desires. The primary factors of
consideration were the quality of the beach scenery, how well maintained the beach was, the
width of the beach, the number of lifeguards, and how family oriented was the beach.

516. The survey also used a density measure developed in cooperation with the Corps to
determine if crowding was a problem. It was found that over 60% of the time there was at least
several yards of space between beach towels or blankets, and only 7% of the time was it very
crowded {only 2 feet between towels). Further it was determined that crowding was not
considered a very important issue to the majority of beachgoers by asking respondents how
important being alone is and how important is it to be with a large number of people. As might be
expected, areas with more crowding tended to be frequented by people who like large numbers.
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People who like to be alone frequented areas that tended to have little crowding.

517. To estimate the value of the beach as it exists currently, an iterative bidding process was
applied. Beachgoers were first asked if a day at the beach would be worth $4.00 to each member
of their household. Based on their answers, they were then asked progressively higher or lower
amounts until the amount they value the beach was determined. Using this method it was found
that the average value of a day at the beach is $4.22.

518. With Project Conditions. The beachgoers were asked how much more they were willing to
pay if the beach were widened. While the majority were unwilling to pay any extra, 16% were
wiiling to pay, on average, $2.92 more per visit. This would be equivalent to an average of $0.47
for all beachgoers.

519. The number of visitor days was estimated by multiplying the number of beach tag sales by
the number of days the tags are usable. This was then multiplied by 1.062 to capture the
percentage of people who use the beach without buying a beach tag. Lastly, 30% is subtracted
from the number to account for inclement weather. For Atlantic City, which does not sell beach
tags, the number was taken from city estimates. The total number of visitor days for beaches
within the project area are estimated at 14,815,000,

520. Benefits were not found to accrue from increased capacity because crowding was found not
to be a significant factor. However benefits do arise from an increase in the value of the
recreational experience.

521, Benefits resulting from this increase in recreational experience were calculated by
multiplying $0.47 by the number of visitors days within the project area or 14,815,000. This gives
total recreational benefits of $6,963,000. A breakdown of benefits for each community are as
follows in table 50:

Table 50
Recreation Benefits

Community Visitor Days Day Value Total Value

Atlantic City 9,800,000 $0.47 $4,606,000

Margate 2,093,000 $0.47 $983.710

Ventnor 2.267,000 $0.47 $1,065.490
_lwon 655,000 $0.47 $307,850

Total 14,815,000 $0.47 $6,963,050
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522. REDUCED MAINTENANCE BENEFITS. In addition to storm damage reduction
benefits, reduced maintenance benefits accrue under the with-project scenario. It is anticipated
that the proposed berm and dune restoration plan for Atlantic City will result in a yearly reduction
in local maintenance and repair costs of $2,000. The geotube installation sustained minor
damages by the passing offshore of Hurricane Erin in 1995. At the time, there was virtually no
beach fronting the geotubes. Waves removed the sand veneer and undercut portions of geotubes.
With a 200 ft berm in place, it is assumed that under high frequency storm conditions, damage to
the geotubes will be prevented, thereby eliminating the need for maintenance.

523. Itis also anticipated that maintenance of other shore protection structures will be reduced,
however reliable figures are unavatlable. The benefits claimed in this category are therefore
considered conservative.

524. BENEFITS DURING CONSTRUCTION. The NED project will be constructed over
nineteen months. Significant portions of the beach will be fully nourished before the project is
completed in its entirety. The portions of the beach nourished early in the construction phase will
provide storm damage reduction benefits. The total annualized benefits during construction are
$479,000. Table 51 displays the monthly benefits during construction and the average annual
benefits this adds to the overall benefits.
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Table 51
ABSECON ISLAND
BENEFITS DURING CONSTRUCTION
Discount Rate: 0.07625
Use Date: Apr-1999
Start Date: Nov-2000
Monthly Interest Total
Month Work Benefit Factor Benefit

1 Mob. 0 1.123386 0
7 Atlantic City 400,106 1.082861 433,259
8 Atlantic City 400,106 1.076250 430,614
9 Atlantic City 400,106 1.069680 427,985
10 Atlantic City 400,106 1.063149 425372
11 Atlantic City 400,106 1.056659 422,776
i2 Atlantic City 400,106 1.050208 420,195
13 Atlantic City 400,106 1.043797 417,629
14 Atlantic City 400,106 1.037425 415,080
15 Atlantic City 400,106 1.031091 412,346
16 Atlantic City 400,106 1.024797 410,027
17 Atlantic City 400,106 1.018540 407,524
18 Ventnor-Margate-Longport 742,628 1.012322 751,779
19 Demob 742,628 1.006142 747,189
TOTAL $5,886,422 $6,121,976
Capital Recovery Factor (50 Years @ 7.625%): 0.078235
Benefits Dunng Construction $479,000

ECONOMICS OF THE NED PLAN

525. BENEFIT-COST RATIO. With the inclusion of the recreation benefits, the combined

project (both reaches) for the study area provides total average annual benefits of $16,356,000 at
a total average annual project cost of $8,486,000. Total average annual benefits are displayed by
category in Table 52, along with annualized costs, and the resulting benefit-cost ratio. The result
is a benefit-cost ratio of 1.9 with $7,870,000 in net benefits.
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BENEFIT-COST COMPR‘II:‘ICS?)ZN FOR THE NED PLAN
Discount Rate: 7.625%
Project Life: 50 Years
Price Level: Oct. 1995
Base Year: 2001
BENEFITS:
Storm Damage Reduction $8,912,000
Reduced Maintenance 2,000
Recreation 6,963,000
Benefits During Construction 479,000
Total Average Annual Benefits $16,356,000
COSTS:
Initial Construction Costs $52,146,000
Interest During Construction 3,400,000
Periodic Nourishment (per cycle) 12,188,000
Average Annual Construction Costs $8,168,000
Average Annual Monitoring Costs $268,000
Average Annual O&M Costs $51,000
Total Average Annual Costs $8,486,000
Benefit-Cost Ratio 1.9
Net Benefits $7,870,000
Residual Damages $3,535,000
PROJECT IMPACTS

526. IMPACTS TO ENVIRONMENTAL RESOURCES. The primary adverse impact of the
beach nourishment alternative is the temporary disturbance and destruction of existing benthic
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resources from dredging operations at the borrow area and fill placement along the shorefront.
Dredging in the borrow area will result in a temporary destruction of the benthic community,
however, rapid recolonization is expected to occur within one year from the dredging. Minor
shifts in benthic community composition may occur following recolonization. Beachfill operations
along Absecon Island will result in temporary degradation of the existing beach habitat during
initial construction and the periodic nourishments. Existing benthic organisms on the beach would
become buried as a result of beachfilling operations. Due to the presence of species adapted to
high energy and dynamic conditions, recolonization of the beach area is expected to be rapid. The
portion of benthic habitat covered by any seaward extension of the beach would represent a long-
term loss, however, this would be offset by the creation of similar habitat. The partial burial of
groins in the project area would represent a long-term loss of rocky inter-tidal habitat occupied by
aquatic invertebrates that attract birds and fish. Fish and avian utilization of the immediate
shoreline area for feeding would be temporarily disrupted, however, they are expected to return
immediately after the disturbance. Dredging and the hydraulic placement of beachfill material will
result in temporary higher turbidity levels at the borrow site and waters along the shoreline during
construction.

527. In order to minimize the impacts to surf clams within the project area, dredging activities
will primarily take place within the Absecon Inlet borrow area for the initial construction, as well
as the subsequent nourishment cycles. If, due to available sand quantities, it becomes necessary to
utilize one of the other borrow areas for subsequent nourishment cycles, updated surveys will be
done to determine current populations. Measures will be taken in Absecon Inlet, as well as the
other borrow areas if necessary, to minimize impacts to the clams. Some of these measures may
include the commercial harvest of clams prior to dredging and only disturbing a portion of the

site. All measures will be fully coordinated with the appropriate Federal, state and local agencies.

528. The piping plover, which is a frequent inhabitant of New Jersey’s sandy beaches. Past
nesting sites of this species in New Jersey have included the southern end of Brigantine, Ocean
City, and several locations in Cape May. No known nesting sites have been identified within the
study area on Absecon Island. Based on the high development and human disturbance, it is
unlikely for piping plovers to nest within the project area. However, if a piping plover nest is
discovered within the project area prior to the commencement of initial beach nourishment and
periodic nourishment activities, the Corps will contact the New Jersey Department of
Environmental Protection, Division of Fish, Game and Wildiife and the U S. Fish and Wildlife
Service to determine appropriate measures to protect the piping plovers from being disturbed.
These measures may include establishing a buffer zone around the nest, and limiting construction
to be conducted outside of the nesting period (1 April - 15 August)

529. The construction of the timber sheet-pile bulkheads and placement of a quarrystone
revetment will also result in temporary higher turbidity levels and the disturbance of the benthic
community within the inlet. This aspect of the proposed plan will result in the loss of sandy
bottom habitat and the destruction of the benthic community within the area to be covered by the
bulkheads and associated revetment. Once construction is completed, it is expected that the
newly created rocky inter-tidal habitat will be colonized with a variety of marine organisms.
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530. Depending on the dredging method to be used, it may be necessary to employ sea turtle
monitors on the dredges to comply with Section 7 of the Endangered Species Act.

531. Periodic dredging in the borrow area for beach renourishment may affect a potentially
recovering surf clam population. The resource agencies will be contacted prior to renourishment
cycles in order to determine if monitoring is appropriate.

532. Mitigation measures were incorporated into the determination of the optimal nourishment
interval. The mitigation measures were initiated by the selection of the beach nourishment
alternative. This alternative offers a more naturalistic and softer approach for storm damage
reduction. Selection of this alternative is based on its relatively low ecological impacts and its
cost effectiveness. Another institutional measure is the utilization of offshore sand borrow areas.
These are characterized by high energy and shifting sands resulting in a benthic community of
lower abundance and diversity as compared to more stable benthic environments. Therefore,
biological impacts are expected to be lower. Another measure is the selected use of suitable sand
grain sizes for beach nourishment. The selection of borrow areas is based on compatibility studies
for sand grain sizes. The selection of coarser beach nourishment quality material will minimize
impacts on water quality at the dredging site and discharge (placement) site. A more detailed
discussion of the mitigation effort is detailed in Section 5.16 of the FEIS.

533. Aesthetics. Beach nourishment is a more natural and soft structural solution to reducing
storm damages on Absecon Island. With the exception of short-term impacts during construction,
overall aesthetics of the beach would be improved as a result. A natural-looking beach and dune
would be more aesthetically pleasing and attractive to residents and tourists. However, despite
the visual benefits the beach nourishment alternative would provide, a restored dune may inhibit
ocean views in some project impact areas.

534. The boardwalk elevations on Absecon Island range from 10.5 to 15 feet NGVD. At the
lower elevations, views of the ocean may be impacted. However, of the 3.4 miles of boardwalk
in Atlantic City, only seven percent is below 11 feet NGVD. Therefore, in these areas, the
possibility exists for some aesthetic impacts in terms of the accessibility of wave and ocean views.
Currently there are some areas within Absecon Island that have limited views of the ocean. This
is due to the fact that dune repairs/restoration have been made in some areas which have increased
the height of the dunes. This, combined with the narrow width of the beach, leaves the waves
breaking close to the toe of the dunes and hampering the visual aesthetics. If the dunes for the
proposed project were built on the current beach, aesthetic impacts would also exist due to the
fact that currently the waves break very close to the toe of the dune in many arcas of the project.
Once the proposed beachfill is in place however, the area where the waves break will be much
further from shore, therefore making the waves easier to see from the boardwalk, and minimizing
negative aesthetic impacts.

535. IMPACTS TO CULTURAL RESOURCES. On the basis of the current project plan, the
Corps is of the opinion that proposed dredging operations at borrow areas, fill placement along
the shoreline and within near-shore underwater locations, and bulkhead and revetment
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construction adjacent to the inlet will have no effect on significant cuitural resources.

536. The remote sensing investigation of the borrow areas identified five magnetic targets
exhibiting shipwreck characteristics. Proposed sand borrowing activities could adversely impact
these target locations, which may represent significant cultural resources. Therefore, in order to
eliminate construction impacts at these locations, the Philadelphia District proposes to completely
avoid these remote sensing targets during sand borrowing operations by delineating at least a 200
foot buffer around each target (see figure 54).
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Absecon Inlet Borrow Site with Exclusion Zone Locations
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537. A low-tide pedestrian survey conducted along the shoreline did not identify any prehistoric
or historic archaeological sites within the project boundaries. Two potentially significant historic
entertainment piers, the Steeplechase Pier and the Garden Pier, are located in the project area and
will not be impacted by fill placement. Near-shore underwater project areas were not investigated
for cultural resources. Remote sensing survey within this high energy surf-zone is dangerous and
extremely difficult. The likelihood for intact and undisturbed cultural resources in such an
unstable and shifting coastal environment is very minimal.

538. Timber sheet-pile bulkhead and quarrystone revetment construction is limited to previously
disturbed areas adjacent to Maine Avenue and within Absecon Inlet. Previous bulkhead
construction and inlet dredging activities have minimized the likelihood for significant cultural
resources in these locations. Therefore, cultural resources, pedestrian or remote sensing surveys
were not conducted in these areas.

539. RISK AND UNCERTAINTY ASSOCIATED WITH COASTAL PROJECTS. The Corps
of Engineers has a long history of planning coastal protection measures as well as other types of
water resources development projects. By providing protection against coastal hazards, gains in
economic efficiency can be achieved that result in an increase in the national output of goods and
services. A comprehensive guide for calculating NED benefits primarily for storm damage
reduction and shore protection projects is contained in IWR Report 91-R-6 National Economic
Development Procedures Manual - Coastal Storm Erosion, U.S. Army Corps of Engineers,
Institute for Water Resources, September 1991.

540. Coastal protection projects, like all investments, involve an outlay of capital at some point in
time in order to gain predicted benefits in the future. In addition, certain types of projects,
particularly beach fill and periodic nourishment projects, require a commitment to substantial
future spending to sustain the projects and continue to gain the related benefits. In 1956,
Congress defined periodic nourishment as construction for the protection of shores when it is the
most suitable and economical remedial measure. One advantage to soft engineering options, such
as beach fill, is that they do not represent an irrevocable commitment of funds. They can be
discontinued at any future point in time, eventually allowing a return to the pre-project condition,
without further expenditures.

541. In all evaluations, the aspect of future costs and benefits requires that the current and future
doliar costs and benefits be compared in 2 common unit of measurement. This is typically
accomplished by comparing their present values or the average annual equivalent of their present
values. Therefore, the discount or interest rate used to determine the present values influences the
relative economic feasibility of alternative project types. Since high discount rates reduce the
influence of future benefits and costs on present values, high interest rates generally favor the
selection of projects with Jow first costs but relatively high planned future expenditures over those
with high first costs but low future cost requirements. This factor, among other important
considerations, tends to favor the wide use of beach fills, dunes, and accompanying renourishment
relative to an extensive use of hard structural shore protection measures.
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542. One standard for identifying and measuring the economic benefits from investments in a
water resources project such as shore protection, is each individual's willingness to pay for that
project. For coastal projects, this value can be generated by a reduction in the cost to a current
land-use activity or the increase in net income possible at a given site. A project generates these
values by reducing the risk of storm damage to coastal development. Conceptually, the risk from
storms can be viewed as incurring a cost to development, i.e., capital investment, at hazardous
locations. Thus, the cost per unit of capital invested at risky locations is higher than at lesser risk
locations.

543. Natural Sources of Risk and Uncertainty. Storms and severe erosive processes damage
coastal property in several ways. In addition to direct wind-related damage, which is ignored for
purposes of this discussion, a storm typically produces an elevated water surface or surge above
the normal astronomical tide level. This storm-driven surge is often sufficient, even without the
effects of waves, to be life-threatening and/or to cause substantial inundation damages to
property.

544. In addition to the surge, coastal storms generate large waves. Properties subject to direct
wave attack usually suffer extensive structural and content damages as well as foundation
scouring which can totally destroy structures. Storms also produce at least temporary physical
changes at the land-water boundary by eroding the natural beach and dune that serve to buffer and
protect shorefront property from the effects of storms. Increased wave energy during storms
erodes the beach and carries the sand offshore. At the same time, the storm surge pushes the zone
of direct wave attack higher up the beach and can subject dunes and, in turn, upland structures to
direct wave action.

545. Frameworks for Deterministic and Risk-Based Evaluations. The first step in a project
feasibility evaluation is to assess the baseline conditions, i.e., the conditions that would likely exist
if a project was never implemented to address the existing problems in a systematic fashion. In the
deterministic approach, which is currently the basic approach used by the Corps of Engineers, a
single forecast defines physical, developmental, cultural, environmental and other changes
expected to occur under the baseline or "without-project” condition. These changes are
considered to occur with certainty in the absence of any systematic adaptive measure of the type
being considered as a project. This approach does allow, however, for individual property owners
to respond to storm and erosion threats by constructing protective measures or by abandoning
property. It also takes into account other systematic measures that are in place or expected to be
instituted such as existing state, county or municipal protective measures, evolving building codes
and changing land-use controls.

546. Benefits produced by a project depend on the project's type, scale, and storm parameters.
Even if two alternative projects constructed side by side experience the same storm, benefits will
differ, depending on the magnitude of residual losses if the storm exceeds the alternatives' design
dimensions. As an example, a beach fili, even when inundated during a storm, still provides
significant residual protection. Another significant factor is that in the coastal process, the wide
range of storm parameters (wind direction, wind velocity, storm surge, storm duration, etc.)
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results in multiple storm damage mechanisms.

547. In addition to NED benefits, a second major consideration in applying benefit- cost analysis
in choosing a particular type and size project is the stream of future project costs. The appropriate
costs used in the analysis should provide a measure of all the opportunity costs incurred to
produce the project outputs. These NED costs may differ from the expenses of constructing and
maintaining the project. For coastal protection projects, expenses would include the first costs of
project construction, any periodic nourishment and maintenance costs, and future rehabilitation
Costs.

548. The nature of future costs depends on the type of project. For instance, a structural type of
project, €.g., a stone revetment, typically has high first costs and high future rehabilitation costs
but low future maintenance costs. On the other hand, when compared to a hard structure project,
a beach fill type project is composed of relatively low first costs, but larger recurring future
maintenance costs (periodic nourishment).

549. Once the alternative formulated plans are evaluated in economic terms, the expected net
benefits can be calculated. Following the project selection criteria in the P&G, the recommended
type and scale of plan should be the one that reasonably maximizes net NED benefits. This is a
key conceptual point in both the deterministic and risk analysis evaluation methodologies. Both
methods apply the net benefits decision rule for selecting the economically optimal project.

550. SENSITIVITY ANALYSIS. Certain key parameters were varied to determine their effect
on the economic analysis of Absecon Island.

551. Interest Rate. Project benefits and costs were annualized at higher discount rates of 8% and
10%. The results are displayed below in table 53.
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Table 53
SENSITIVITY ANALYSES
Discount Rate Change
8% Discount rate:
Average Annual Benefits:
Storm Damage Reduction' $8,914,000
Recreation $6,963,000
Benefits During Construction $501,400
Average Annual Benefits: $16,378,400
Average Annual Costs $8,670,400
Benefit-Cost Ratio: 1.89
Net Benefits: $7,708,000
10% Discount rate:
Average Annual Benefits:
Storm Damage Reduction $8,914,000
Recreation $6,963,000
Benefits During Construction $624,800
Average Annual Benefits: $16,501,800
Average Annual Costs: $9,745,000
Benefit-Cost Ratio: 1.69
Net Benefits: $6,756,800

operation, mai and tonng
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552. Replacement Cost Values. The NED plan was also rerun changing the structure and
content replacement values +/- 10 percent. The results are displayed below in table 54.

Table 54

SENSITIVITY ANALYSES
Replacement Cost Value Change

+10% Structure Replacement Cost:

Average Annual Benefits:

Storm Damage Reduction’ $9,622,000
Recreation $6,963,000
Benefits Dunng Construction $479,000
Average Annual Benefits: $17,064,000
Average Annual Costs* $8,476,700
Benefit-Cost Ratiqg; 2.01
Net Benefits: $8,587,300

-10% Structure Replacement Cost:

Average Annual Benefits:

Storm Damage Reduction $8,344,000
Recreation $6,963,000
Benefits During Construction $479,000
Average Annual Benefits: $15,786,000
Average Annual Costs: $8,476,700
Benefit-Cost Ratio: 1.86
Net Benefits: $7,309,300

‘Includes reduced maintenance

"Includes operation, maintenance, and monitoring
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553. Depth-Damage Curves. The NED plan was rerun changing the inundation depth-damage
+/- 10 percent. The resuits are displayed below in Table 55.

Table 55

SENSITIVITY ANALYSES
Depth-Damage Curves Change

Depth-Damage Curves +10%:

Average Annual Benefits:

Storm Damage Reduction’ $9,338,000
Recreation $6,963,000
Benetits During Construction $479,000
Average Annual Benetits: $16,780,000
Average Annual Costs* $8,476,700
Benefit-Cost Ratio: 1.98
Net Benelits: $8,303.300

Depth-Damage Curves -10%:

Average Annual Benelits:

Storm Damage Reduction $8,508,000
Recreation $6,963,000
Benefits During Construction $479,000
Average Annual Benefits: $15.950,000
Average Annual Costs: $8,476,700
Benctit-Cost Ratio: 1.88
Net Benefits: $7.473,300

operation, mai and ing
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LOCAL COOPERATION

554. COST APPORTIONMENT. The cost apportionment between Federal and non-Federal
total first cost of the selected plan is shown in Table 56. The selected plan has been shown to be
economically justified on benefits associated with storm damage reduction. There are no
separable recreation features included with this project. Recreation benefits resulting from the
selected plan are not required for justification. Therefore, all recreation benefits are assumed to
be incidental to the project. In accordance with Section 103 of the Water Resources
Development Act of 1986 and appropriate Federal regulations, such as ER 1165-2-130, Federal
participation in a project formulated for hurricane and storm damage reduction is 65 percent of
the estimated total project first costs, including Lands, Easements, Rights-of-Ways, Relocations
and Dredged Material Disposal Areas (LERRD). LERRD fir this project includes the estimated
administrative costs related to the obtainment of easements required for project construction
($107,728) and estimated costs for extensions of existing outfall pipes (§787,154). The estimated
market value of LERRD provided by non-Federal interests is included in the total project cost,
and they shall receive credit for the value of these contributions against the non-Federal cost
share.

555. The cost sharing for the selected plan is based on a total first cost of $52,146,000, and does
not include interest during construction, which is used only for economic justification purposes.
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TABLE 56
COST SHARING FOR THE SELECTED PLAN
(October 1995 price level)

ITEM COST

INITIAL BEACH REPLENISHMENT AND $51.251,000
BULKHEADS

LANDS, EASEMENTS, RIGHTS-OF-WAY, $895.000
RELOCATIONS, DISPOSAL AREAS
(LERRD)

(includes outfall extensions performed by non-
Federal sponsor)

PERIODIC NOURISHMENT $12,188,000
(3 vear cycele)

PROJECT MONITORING (Annualized) $268.000

NON-
PROJECT FEATURE FEDERAL Y% FEDERAL % TOTAL
COST COST

Initial Project Costs $33,313,150 $17,937.850 $51.251,000
(Cash Contributions)

LERRD 50 $895,000 $895,000

Total Initial Project Cosls $33.313.150 65% $18,832,850 35% $52,146,000

Pcriodic Nourishment $130,121,000 § 65% $70,065,000 35% $200,186,000
(50 Years)
(includes major replacement costs)

Project Monitoring Costs $8,530,600 65% $4,593,400 35% $13,124,000
(50 years)

Ultimate Project Cost $172.964,750 | 65% $93.491,250 35% $265.456,000
(50 Years)

Ultimate Project Cost $172,965,000 | 65% $93,491,000 35% $265,456,000
Rounded (50 years)

556. SPONSOR FINANCING. In accordance with Section 105(a)(1) of WRDA 1986, the
Brigantine Inlet to Great Egg Harbor Inlet Feasibility Study was cost shared 50%-50% between
the Federal Government and the State of New Jersey. The contributed funds of the local sponsor,
the New Jersey Department of Environmental Protection (NJDEP) demonstrates their intent to
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support a project for Absecon Island, New Jersey.

557. The State of New Jersey has a stable source of funding for shore protection projects as
described in the Introduction of this report. The State has incorporated this project into its
forecast of expenditures.

558. PROJECT COOPERATION AGREEMENT. A fully coordinated Project Cooperation
Agreement (PCA) package (to include the Sponsor's financing plan) will be prepared subsequent
to the approval of the feasibility phase and will reflect the recommendations of this Feasibility
Study. NJDEP, the non-Federal sponsor, has indicated support of the recommendations
presented in this Feasibility Study and the desire to execute a PCA for the recommended plan.
Other non-Federal interests, such as the Cities of Atlantic City, Ventnor and Margate, the
Borough of Longport and Atlantic County have indicated their support of the project.

559. In the PCA the non-Federal sponsor will:

. Provide 35 percent of total project costs assigned to hurricane and storm damage
reduction, as further specified below:

. Provide all lands, easements, and rights-of-way, including suitable borrow and dredged or
excavated material disposal areas, and perform or ensure the performance of all
relocations determined by the Federal Government to be necessary for the construction,
operation, and maintenance of the Project.

. Provide all improvements required on lands, easements, and rights-of-way to enable the
proper disposal of dredged or excavated material associated with the construction,
operation, and maintenance of the project. Such improvements may include, but are not
necessarily limited to, retaining dikes, wasteweirs, bulkheads, embankments, monitoring
features, stilling basins, and dewatering pumps and pipes.

. Provide, during construction, any additional amounts as are necessary to make its total
contribution equal to 35 percent of total project costs assigned to hurricane and storm
damage reduction.

. For so long as the Project remains authorized, operate, maintain, repair, replace, and
rehabilitate the completed Project, or functional portion of the Project, at no cost to the
Federal Government, in a manner compatible with the Project's authorized purposes and in
accordance with applicable Federal and State laws and regulations and any specific
directions prescribed by the Federal Government.

. Give the Federal Government a right to enter, at reasonable times and in a reasonable
manner, upon property that the Non-Federal Sponsor, now or hereafter, owns or controls
for access to the Project for the purpose of inspection, and, if necessary after failure to
perform by the Non-Federal Sponsor, for the purpose of completing, operating,
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maintaining, repairing, replacing, or rehabilitating the Project. No completion, operation,
maintenance, repair, replacement, or rehabilitation by the Federal Government shalt
operate to relieve the Non-Federal Sponsor of responsibility to meet the Non-Federal
Sponsor's obligations, or to preclude the Federal Government from pursuing any other
remedy at law or equity to ensure faithful performance.

Hold and save the United States free from all damages arising from the construction,
operation, maintenance, repair, replacement, and rehabilitation of the Project and any
Project-related betterments, except for damages due to the fault or negligence of the
United States or its contractors.

Keep, and maintain books, records, documents, and other evidence pertaining to costs and
expenses incurred pursuant to the Project in accordance with the standards for financial
management systems set forth in the Uniform Administrative Requirements for Grants and
Cooperative Agreements to State and Local Governments at 32 Code of Federal
Regulations (CFR) Section 33.20.

Perform, or cause to be performed, any investigations for hazardous substances as are
determined necessary to identify the existence and extent of any hazardous substances
regulated under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), Public Law (PL) 96-510, as amended, 42 U.S.C. 9601-9675, that may
exist in, on, or under lands, easements, or rights-of-way that the Federal Government
determines to be required for the construction, operation, and maintenance of the Project.
However, for lands that the Federal Government determines to be subject to the
navigation servitude, only the Federal Government shail perform such investigations unless
the Federal Government provides the Non-Federal Sponsor with prior specific written
direction, in which case the Non-Federal Sponsor shall perform such investigations in
accordance with such written direction.

Assume complete financial responsibility, as between the Federal Government and the
Non-Federal Sponsor for all necessary cleanup and response costs of any CERCLA
regulated materials located in, on, or under lands, easements, or rights-of-way that the
Federal Government determines to be necessary for the construction, operation, or
maintenance of the Project.

As between the Federal Government and the Non-Federal Sponsor, the Non-Federal
Sponsor shall be considered the operator of the project for the purpose of CERCLA
liability. To the maximum extent practicable, operate, maintain, repair, replace and
rehabilitate the Project in a manner that will not cause liability to arise under CERCLA.

Comply with the applicable provisions of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970, Public Law 91-646, as amended by Title IV of
the Surface Transportation and Uniform Relocation Assistance Act of 1987 (Public Law
100-17), and the Uniform Regulations contained in 49 CFR Part 24, in acquiring lands,
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easements, and rights-of-way, required for the construction, operation, and maintenance
of the Project, including those necessary for relocations, borrow materials, and dredged or
excavated material disposal, and inform all affected persons of applicable benefits, policies,
and procedures in connection with said Act.

. Comply with all applicable Federal and State laws and reguiations, including, but not
limited to, Section 601 of the Civil Rights Act of 1964, Public Law 88-352 (42 U.S.C.
2000d), and Department of Defense Directive 5500.11 issued pursuant thereto, as well as
Army Regulation 600-7, entitled "Nondiscrimination on the Basis of Handicap in
Programs and Activities Assisted or Conducted by the Department of the Army".

. Provide 35 percent of that portion of total historic preservation mitigation and data
recovery costs attributable to hurricane and storm damage reduction that are in excess of
one percent of the total amount authorized to be appropriated for hurricane and storm
damage reduction.

. Participate in and comply with applicable Federal flood plain management and flood
insurance programs.

. Not less than once each year inform affected interests of the extent of protection afforded
by the Project.
. Publicize floodplain information in the area concerned and provide this information to

zoning and other regulatory agencies for their use in preventing unwise future
development in the flood plain and in adopting such regulations as may be necessary to
prevent unwise future development and to ensure compatibility with the protection
provided by the Project.

. For so long as the project remains authorized, the Non-Federal Sponsor shall ensure
continued conditions of public ownership and use of the shore upon which the amount of
Federal participation is based. s

. Provide and maintain necessary access roads, parking areas, and other public use facilities,
open and available to all on equal terms.

560. In an effort to keep the Sponsor involved and local governments informed, meetings were
held throughout the feasibility phase. In addition, newsletters were sent periodically describing
the study process for Absecon Island (see Appendix D).

361. Coordination efforts will continue, including coordination of this study with other State and
Federal agencies. It is currently anticipated that a public meeting will be held upon approval of
this Feasibility Study.
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FINAL
ENVIRONMENTAL IMPACT STATEMENT
BRIGANTINE INLET TO GREAT EGG HARBOR INLET
FEASIBILITY STUDY
ABSECON ISLAND INTERIM STUDY
ATLANTIC COUNTY, NEW JERSEY

AUGUST 1996

The lead agency is the U.S. Army Corps of Engineers, Philadelphia District.

Abstract:

This study evaluates existing conditions and shore protection problems facing the
communities on Absecon Island, along the Atlantic Coast of New Jersey.
significant beach and dune erosion has left the island vulnerable to storm
damages. Severe storms in recent years have caused a reduction in the overall
beach height and width along the study area, which, along with the absence of
significant dunes, exposes the communities of Atlantic City, Longport, Ventnor,
and Margate to catastrophic damage from ocean flooding and wave attack. The
selected plan for storm damage reduction along the ocean front is beach
nourishment utilizing sand obtained from 3 offshore borrow areas. Beach
nourishment will consist of berm and dune restoration along the ocean frontage
of Absaecon Island. This plan will require 6.2 million cubic yards of sand for
initial beachfill placement with 1,666,000 cubic yards for periodic renourishment
every 3 years over a 50 year project life. The proposed beach nourishment will
result in a 200 foot w.de berm with a top elevation of +8.5 feet NGVD29 in
Atlantic City, and a 100 foot wide berm with a top elevation of +8.5 feet NGVD29
in Ventnor, Margate, and Longport. The beachfill will be transitioned from a 200
foot berm to a 100 foot berm between Atlantic City and Ventnor for a distance of
1000 feet. In Margate, Longport, and Ventnor, dunes will also be constructed to
a top elevation of +14 feet NGVD29, with a 25 foot top width, and side slopes of
1V:SH. The Atlantic City dune will have a top elevation of +16 feet NGVD29, top
width of 25 feet, and side slopes of 1V:5H. The dunes are proposed to be planted
with 91 acres of dune grass. The dunes will also contain 63,675 linear feet of
sand fence, as well as pedestrian and vehicular access ramps.

The selected plan also includes the construction of two timber sheet-pile
bulkheads along the Absecon Inlet frontage. The anchored bulkheads would tie in
to the existing bulkhead located along Maine Avenue. The bulkheads would be
constructed to a top elevation of +14 feet NGVD29, with pile anchors and tie-
backa. A revetment of 3-5 ton rough quarrystone will be constructed to an
elevation of +5 feet NGVD29 on the seaward side of the bulkhead.

A Section 404 (b){(1l) evaluation has been prepared and is included in this Final
Environmental Impact Statement. This evaluation concludes that the proposed
action would not result in any significant environmental impacts relative to the
areas of concern under Section 404 of the Federal Clean Water Act.

PLEASE SEND YOUR COMMENTS TO For further information on this
THE DISTRICT ENGINEER BY: statement, please contact:
Beth Brandreth
Environmental Resources Branch
Telephone: (215) 656-6555

U.S. Army Corps of Engineers, Philadelphia District
Wanamaker Building, 100 Penn Square East
Philadelphia, Pennsylvania 19107-3390
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1.0 SUMMARY
1.1 PURPOSE AND NEED

The purpose and need of this statement is to evaluate the
anticipated environmental impacts of the alternatives developed
for storm damage reduction on Absecon Island, Atlantic County,
New Jersey.

The need to which the U.S. Army Corps of Engineers,
Philadelphia District is responding is based on the need to
reduce the potential for storm damage to structures and property
associated with the communities of Absecon Island, New Jersey.

The principal source of economic damages identified for
Absecon Island are storms. Severe storms in recent years have
caused a reduction in the overall beach height and width along
the study area. This, as well as the absence of significant
dunes, exposes Absecon Island to catastrophic damage from ocean
flooding and wave attack.

1.2 BACKGROUND

The project location (Figure 1) is a segment of Atlantic
Coast beach in southern New Jersey, and is approximately 8 miles
in length, extending from Absecon Inlet to Great Egg Harbor
Inlet. The study area encompasses Absecon Island, which is
located in Atlantic County. Absecon Island contains the four
communities of Atlantic City, Ventnor, Margate, and Longport.
The beaches in these communities have been subject to erosion by
storms, tidal inundation, and wave action. Within these areas,
structural damage has occurred through direct wave action,
particularly at those locations where at times there is virtually
no remaining beach or dune system to protect the structures
lining the shore.

Efforts have been made to remedy the problems of beach loss
within the project area since the mid 1900's. These have
included both numerous studies and actual construction. One
early Federal beach erosion control project in the study area
included the Atlantic City, NJ project which was adopted as House
Document 81-538 in 1954. This project was partially completed
‘before being deauthorized in 1990 by PL 99-662. The completed
aspects of this project included the construction of 3727 feet of
the Brigantine Jetty, some groin and bulkhead work, and
beachfill.

Other studies have been conducted, but never constructed
these studies examined widening the beachfront, groin
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maintenance, dunes, and periodic nourishment. These studies,
which were conducted during the time frame of the 1950's through
the 1980's, covered the areas of Ventnor, Margate, and Longport,
as well as Brigantine Island and Absecon Island. A list of
federal activities in the project area is found in Table 1.

In addition to Federal acivities, the NJDEP has been -
involved in local shore protection along the coast of New Jersey.
The Division of Coastal Resources provides technical assistance
to citizens and municipalities. Further, it regulates land use
through the Coastal Zone Facility Review Act (CFRA), the Wetlands
Act, and the Waterfront Development Act.

since 1985, the NJDEP has initiated several related projects
in the study area. Many projects involve dredging of navigation
channels and discharging the material on beaches or in back bays.
All of the projects under the authority of the State are tailored
to address specific small scale problems, and are therefore less
expensive than Federal shore protection and navigation projects.

Table 2 describes recent state, municipal, and private
projects within the study limi:s. The dates listed are the dates
of permit approval from the U.3. Army Corps of Engineers.

1.3 ALTERNATIVES

A total of 17 structural and three non-structural
alternatives have been considered to provide storm damage
reduction to the project area. These alternatives were screened
based on engineering, socio-economic, and environmental
considerations. Excluding the no action alternative, the
structural alternatives include seawalls, bulkheads, high profile
breakwaters, groins, and beach nourishment. The screening and
final optimization concluded that beach nourishment utilizing
material dredged from a nearby source should be considered
further for the ocean front. Bulkheads were chosen for the inlet
frontage. The details of the preferred ocean front plan, the
beach nourishment alternative, are as follows: Beach nourishment
will consist of berm and dune restoration along the ocean
frontage of Absecon Island. This plan will require 6.2 million
cubic yards of sand for initial beachfill placement, with
1,666,000 cubic yards for periodic renourishment every 3 years,
over a 50 year project life. The proposed beach nourishment will
result in a 200 foot wide berm with a top elevation of +8.5 NGVD
in Atlantic City, and a 100 foot wide berm with a top elevation
of +8.5 NGVD in Ventnor, Margate, and Longport. The beachfill
will be transitioned from a 200 foot berm to a 100 foot berm
between Atlantic City and Ventnor for a distance of 1000 feet.

In Ventnor, Margate, and Longport, dunes will also be constructed
to a top elevation of +14 feet NGVD, with a 25 foot top width,
and side slopes of 1V:5H. 1In Atlantic City, the dune will have a
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top elevation of +16 feet NGVD29, a 25 foot top width, and side
slopes of 1V:5H. The dunes are proposed to be planted with 91

acres of dune grass. The dune will also contain 63,675 linear

feet of sand fence, as well as 170 pedestrian and 10 vehicular

crossovers. .

The preferred plan for the project area also consists of the
construction of a timber sheet-pile bulkhead in two separate
sections along approximately 1,050 feet of the Absecon Inlet
frontage. The anchored timber sheet-pile bulkhead would tie in
to the existing bulkhead constructed along Maine Avenue at both
locations. From Atlantic to Oriental Avenues, the bulkhead would
be located at the seaward edge of the existing boardwalk. Both
sections of bulkhead would be constructed to a top elevation of
+14 NGVD29, with pile anchors and tie-backs. A revetment of 3-5
ton rough quarrystone will be constructed to an elevation of +5
NGVD29 on the seaward side of the bulkhead. This bulkhead would
prevent damages from inundation and wave attack.

1.4 MAJOR CONCLUSIONS AND FINDINGS

Beach nourishment represents the least environmentally
damaging structural method of reducing potential storm damages at
a reasonable cost. It is socially acceptable, and proven to work
in high energy environments. The somewhat transient nature of
beach nourishment is actually advantageous. Beach fill is
dynamic, and adjusts to changing conditions until equilibrium can
again be achieved. Despite being structurally flexible, the
created beach can effectively dissipate high storm energies,
although at its own expense. Costly rigid structures like
seawalls and breakwaters utilize massive amounts of material
foreign to the existing environment to absorb the force of waves.
Beach nourishment uses material typical of adjacent areas, sand,
to buffer the shoreline structures against storm damage.
Consequently, beach nourishment is more aesthetically pleasing as
it represents the smallest departure from existing conditions in
a visual and physical sense, unlike groins. When the protective
beach is totally dispersed by wave action, the original beach
remains. On the other hand, bulkheads, seawalls, and revetments
may lead instead to eventual loss of beach as the end of their
project life is approached.

Some of the suggested non-structural storm damage reduction
alternatives are currently practiced, such as flood insurance and
development regulation. Consequently, implementation is somewhat
a moot point. Others such as land acquisition are prohibitively
expensive, and are socially unacceptable in any event.
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1.5 AREAS QOF CONCERN

A project of this nature will have temporary adverse impacts
on water guality and aquatic organisms. Dredging will increase
suspended solids and turbidity at the point of dredging and at
the discharge (beachfill) site. The area to be dredged and the
area where the material will be deposited will be subject to
extreme disturbance. Many existing benthic organisms will become
smothered at the beachfill site. Dredging will result in the
temporary complete loss of the benthic community in the borrow
area. These disruptions are expected to be of short-duration and
of minor significance if rapid recolonization by the benthic
community occurs. Dredging will consequently temporarily
displace a food source for some finfish.

Absecon Inlet, Great Egg Harbor Inlet, and the offshore
area, where the propsed borrow areas are located, has
historically been a productive surf clam (Spisula solidissima)
fishery. Recent surveys conducted within the proposed borrow
areas indicate that these areas are still suitable for surf clam
harvesting. Dredging in these areas has the potential to remove
the harvestable clams. In addition, periodic maintenance
disturbances subsequent to the initial dredging may have adverse
effects on any potential recovery of the surf clam population.
Where ever possible, measures will be taken to minimize the
impacts to the surf clam population within the borrow areas.
These measures may include the commercial harvesting of clams
prior to dredging, only dredging in approved sections of the
borrow areas, and limiting the number of sites used for
renourishment activities. These and any other measures will be
fully coordinated with appropriate state and local resource
agencies.

Concerns regarding the use of a hopper dredge and its
potential impact on Federally listed threatened and endangered
sea turtles were raised with respect to this project. A
biological assessment, pursuant to Section 7 of the Endangered
Species Act, is currently being reviewed by the National Marine
Fisheries Service (NMFS), This assessment covers all
Philadelphia District dredging projects that may have an impact
on threatened and endangered marine species. Until a final
biological opinion is received from NMFS, the Philadelphia
District will continue the measures used in the past to reduce
the likelihood of negatively impacting marine species. These
measures may include the use of NMFS approved turtle monitors,
dragarm deflectors on the dredge, and timing the dredging when
sea turtles are known to be absent in the borrow area. These and
any other measures will be fully coordinated with NMFS prior to
dredging.

Concern over the impact of a beachfill operation on the
State and Federally threatened piping plover has been raised with
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regard to this project. Piping plovers generally nest between
April and Augqust on sparsely vegetated, sandy beaches in New
Jersey. While plovers have been known to nest on the southern
tip of Brigantine Island, no nesting pairs have been observed on
Absecon Island. If a nesting pair(s) should appear within the
project impact area prior to or during the initial beachfill and
subsequent periodic beach nourishments, appropriate measures to
avoid adversely impacting these and other threatened or
endangered birds will be implemented. Mitigative measures will
be coordinated with the U.S. Fish and Wildlife Service and the
New Jersey Department of Environmental Protection (NJDEP),
Division of Fish, Game and Wildlife. These measures may include
the establishment of buffer zones around discovered nests, and
conducting beachfill operations around the buffer zone until
nesting is completed.

1.6 ENVIRONMENTAL STATUTES AND REQUIREMENTS

Preparation of this Final Environmental Impact Statement
(FEIS) has included coordination with appropriate Federal and
State resource agencies. With the public review of the DEIS, a
Water Quali’.y Certificate, in accordance with Section 401 of the
Clean Water Act, and a concurrence of Federal consistency with
the New Jersey Coastal Zone Management program, in accordance
with Section 307(c¢) of the Coastal Zone Management Act, was
requested from the New Jersey Department of Environmental
Protection (NJDEP). NJDEP has responded to this request and
coordination is currently taking place to resolve their concerns
regarding the project. The Corps feels that mutually agreeable
solutions will result from this coordination and that a Water
Quality Certificate and Coastal Zone consistency will be
forthcoming. The Comment/Response Appendix of this report
contains the comment letter from NJDEP as well as the Corps
responses to their concerns. A Section 404(b) (1) evaluation has
been prepared and is included as Section 7 of the FEIS. This
evaluation concludes that the proposed action would not result in
any significant environmental impacts relative to the areas of
concern under Section 404 of the Clean Water Act. In accordance
with the Fish and Wildlife Coordination Act (FWCA), planning aid
reports were obtained and are provided in the Pertinent
Correspondence Appendix in the main report. A section 2(b) FWCA
report was obtained, based on information presented in the DEIS.
The section 2(b) report can be found in the Comment/Response
Appendix in the main report.

Compliance was met for all environmental guality statutes
and environmental review requirements except the Clean Water Act
and Coastal Zone Management Act. Coordination is continuing with
the NJDEP regarding these Acts and compliance certification is
expected. Table 3 provides a list of Federal environmental
quality statutes applicable to this statement, and their
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Table 3. Compliance with Environmental Quality Protection
Statutes and Other Environmental Review Requirements at the
Present Phase of the Project.

Federal Statutes Compliance w/Proposed
Plan

Archeological - Resources Protection Act of Full

1979, as amended

Clean aAir Act, as amended Full

Clean Water Act of 1977 conditional

Coastal Zone Management Act of 1972, conditional

as amended .

Endangered Species Act of 1973, as amended Full

Estuary Protection Act Full

Federal Water Project Recreation Act, N/A

as amended

Fish and Wildlife Coordination Act Full

Land and Water Conservation Fund Act, N/A

as amended

Marine Protection, Research and Sanctuaries Act Full

National Historic Preservation Act of 1966, Full

as amended

National Environmental Policy Act, as amended Full

Rivers and Harbors Act Full

Watershed Protection and Flood Prevention Act N/A

wiid and Scenic River Act N/A

Coastal Barrier Resources Act N/A
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Table 3. Compliance with Environmental Quality Protection
Statutes and Other Environmental Review Requirements (concluded)

Executive Orders, Memorandum, etc.

EO 11988, Floodplain Management Full
EO 11990, Protection of Wetlands Full
EO 12114 Environmental Effects of Major Full

Federal Actions

Full Compliance - Requirements of the statute, EO, or other
environmental requirements are met for the current stage of
review.

conditional Compliance - NJDEP has issued a conditional
compliance for the project based on the resolution of items
discussed in their August 26, 1996 letter (See first page of
comment /response appendix).

Noncompliance - None of the requirements of the statute, EO, or
other policy and related regulations have been met.

N/A - Statute, EO, or other policy and related regulations are
not applicable.

Oongoing - Coordination is continuing.
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compliance status relative to the current stage of project
review.

2.0 NEED FOR AND OBJECTIVE OF ACTION
2.1 NEED

The proposed action is based on a need for storm damage
reduction which would benefit the communities on Absecon Island.
The need for storm damage reduction action is based on storm
damage vulnerability with a high potential for storm-induced
erosion, inundation and wave attack, which is exacerbated by long
term shoreline erosion.

The principal problems identified along Absecon Island are
progressive beach erosion due to long-term shore processes, and
the threat of storm damage. This reach of the New Jersey
shoreline was one of the earliest to be developed, and therefore
has been subject to storm damages for a long time. The Longport
seawall was built in 1917 after the loss of the southernmost ten
blocks of the community. Strides have been made in some areas to
minimize losses associated with storm damage. Such advances
include building code improvements, dune ordinances and building
restrictions. Many portions of the developed coast will remain
vulnerable however, due to the proximity of structures to the
beach and the level of development.

Progressive and constant erosion is evident in certain areas
of the coastline. This erosion slowly narrows the protective
beach width. Atlantic City's northern shoulder has long term
erosion rates of between 2.5 and 7 feet per year.

It should be noted that simply because areas may have
relatively stable or low background erosion rates does not
preclude the need to fully address options for additional shore
protection. Ventnor and Margate have relatively wide beaches in
some areas but the dunes are small and discontinuous. Nor does a
stable historic erosion rate mean that over the course of several
years shoreline positions and elevations do not vary greatly.

For example Longport, which has a relatively stable shoreline
position due to its seawall, lost a great deal of beach elevation
during the recent storms of 1991 and 1992. A lower beach
elevation will allow larger waves to impact the oceanfront. The
beach elevation regained in subsequent years, presumably
concurrent with a loss of sand in the northern beaches.
Presently, much of the existing beachfront in Longport lacks an
adequate dune system and the berm width is zero in front of the
seawall.

The principal cause of economic damages identified along the
Atlantic coast of New Jersey is storms. An accurate assessment
of storm damages, delineated by causal mechanism, is difficult to



247

develop for coastal storms. Along the study area, records of
historic storm damages are poor except for the 1962 Northeaster,
the coastal storm of 1984 and the December 1992 storm. The years
1991-1992 brought three significant storms to the study area. A
summary of existing storm damage information for the study area
is presented in Table 4.

Over the years, erosion and storm activity have seriously
reduced the ability of the shoreline in the project area to
provide adequate storm damage protection for Absecon Island.
Continuation of this historic trend will increase the potential
for economic losses, and the threat to human life and safety.

2.2 OBJECTIVES

Planning objectives were identified based on problems, needs
and opportunities, as well as existing physical and environmental
conditions present in the study area.

In general, the prime Federal objective is to contribute to
the National Economic Development (NED) account consistent with
protecting the Nation's environment. Both of these objectives
must be consistent with national legal statutes, applicable
executive orders, and other Federal planning requirements. The
general and specific planning objectives for the Absecon Island
Interim Feasibility Study take an integrated systematic approach
to the solution of the erosion and inundation problems associated
with coastal storms on Absecon Island. Accordingly, the
following general and specific objectives have been identified.

General:
- Meet the specified needs and concerns of the general public.
- Respond to expressed public desires and preferences.

- Be flexible to accommodate changing economic, social and
environmental patterns and changing technologies.

- Integrate with and be complementary to other related
programs in the study area.

- Be implementable with respect to financial and institutional
capabilities and public support.

Specific:

- Reduce the threat of potential future damages due to the

effects of storms, with an emphasis on inundation and
recession of the shoreline.
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TABLE 4

HISTORIC STORM DAMAGE DATA

DATE DAMAGES NOTES
9/1889 $50,000 (i18ev 3) | Heinz Pier, Atlantic City
10/1896 | $33,000 (s sy | Atlantic City
9/38 $70,000 (1938 3) | Brigantine to Atlantic City
9/44 $5,000,000 Atlantic City; 62% attributable to
(1944 $) wave damage.
$1,000,000 Ventnor, Margate, Longport
(1944 $)
11/50 $564,000 (19508) | Absecon Island
$100,000 (19508) | Longport.
3/62 $21,634,700 Absecon Island; 10% attributable to
1962 %) wave action
3/84 $1,450,325 Atlantic County
(1984 $)
10/91 $13,000,000 Atlantic County {initial amount
claimed by County)
1/92 $2,650,000 Absecon Island (NJDEP estimate to
repair beaches only)
12/92 $1,183,854 Atlantic City

$ 259,405
$ 437,070
$ 125,199
$2,600,000

Ventnor

Margate

Longport

Atlantic County (FEMA Qualified
Damage)
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- Mitigate the effects of, or prevent, the long-term erosion
that is now being experienced.

- In accordance with the limits of institutional
participation, all plan components must maximize NED
benefits.

- Enhance the recreational potential of the area as an
incidental benefit.

- Where possible, preserve and maintain the environmental
character of the areas under study, including such
considerations as aesthetic, environmental and social
concerns, as directly related to plans formulated for
implementation by the Corps.

2.3 PROJECT AUTHORITY

The Brigantine Inlet to Great Egg Harbor Inlet Feasibility
Study was authorized by resolutions adopted by the Committee on
Public Works and Transportation of the U.S$. House of
Representatives and the Committee on Environment and Public Works
of the U. S. Senate in December 1987.

The Senate resolution adopted by the Committee on
Environment and Pubic Works on December 17, 1987 states:

"That the Board of Engineers for Rivers and
Harbors, created under Section 3 of the Rivers and
Harbors Act, approved June 13, 1902, be, and is
hearby requested to review existing reports of the
Chief of Engineers for the entire coast of New
Jersey with a view to study, in cooperation with
the State of New Jersey, its political
subdivisions and agencies and instrumentalities
thereof, the changing coastal processes along the
coast of New Jersey. Included in this study will
be the development of a physical, environmental,
and engineering database on coastal area changes
and processes, including appropriate monitoring,
as the basis for actions and programs to prevent
the harmful effects of shoreline erosion and storm
damage; and, in cooperation with the Environmental
Protection Agency and other Federal agencies as
appropriate, develop recommendations for actions
and solutions needed to preclude further water
quality degradation and coastal pollution from
existing and anticipated uses of coastal waters
affecting the New Jersey Coast. Site specific
studies for beach erosion control, hurricane
protection, and related purposes should be
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undertaken in areas identified as having potential
for a Federal project, action, or response".

The House resolution adopted by the Committee on Public
Works and Transportation on December 10, 1987 states:

"That the Board of Engineers for Rivers and
Harbors is hearby requested to review existing
reports for the Chief of Engineers for the entire
coast of New Jersey with a view to study, in
cooperation with the State of New Jersey, its
political subdivisions and agencies and
instrumentalities thereof, the changing coastal
processes along the coast of New Jersey. Included
in this study will be the development of physical,
environmental, and engineering database on coastal
area changes and processes, including appropriate
monitoring, as the basis for actions and programs
to prevent the harmful effects of shoreline
erosion and storm damage; and, in cooperation with
the Environmental Protection Agency and other
Federal agencies as appropriate, the development
of recommendations for actions aid solutions
needed to preclude further water quality
degradation and coastal pollution form existing
and anticipated uses of coastal waters affecting
the New Jersey Coast. Site specific studies for
beach erosion control, hurricane protection, and
related purposes should be undertaken in areas
identified as having potential for a Federal
project, action, or response which is
engineeringly, economically, and environmentally
feasible".

2.4 PUBLIC CONC S

Initial discussions with local, State, and Federal agencies
produced the following concerns that were either environmental or
socio-economic in nature.

The non-Federal sponsor for this Feasibility study is the
New Jersey Department of Environmental Protection (NJDEP).
Currently, NJDEP's concern, within the scope of this interim
feasibility study, is with shore protection problems on Absecon
Island. The State is interested in a long-term Federal shore
protection project due to funding constraints, which prohibit the
State and local governments from carrying out a long term shore
protection program on their own.

Selection of a sand borrow area(s) was a primary
environmental concern raised for this project. Issues involved
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with borrow area selection included the presence/absence of
significant cultural resources, benthic resources, surf clam
stocks, fisheries impacts, threatened and endangered species,
water quality impacts, and sand grain compatibilities with beach
material. Some of these issues required further investigation
and are discussed in later sections of this FEIS.

3.0 ALTERNATIVES
3.1 SCREENING OF ALTERNATIVES

3.1.1 Structural Storm Damage Reduction Alternatives
3.1.1.1 Bulkheads

The bulkheads protecting Absecon Island, both along the
inlet and the ocean front, are constru:ted of timber and
concrete, and conditions vary from excellent to poor. The top
elevation of the bulkheads vary between +10 to +15.5 feet MLW
along the Absecon Inlet frontage, where there are two different
sections of bulkhead. The new anchored bulkhead along Maine
Avenue from Caspian Avenue to Atlantic Avenue (2200 feet in
length), was constructed in 1993 and is in excellent condition.
The remaining sections from Atlantic to Euclid Avenues (300 feet
in length), and those from Seaside to Metropolitan Avenues
(approximately 1000 feet in length), were constructed in 1935 and
are in very poor condition. The section from Seaside to
Metropolitan is buried under sand, and is discontinuous in many
areas.

In Ventnor, all timber and concrete bulkheads were
constructed by private interests. There is 5300 feet of concrete
bulkhead and 3400 feet of timber bulkhead in the city of Ventnor.
All the concrete bulkheads were constructed between 1925 and
1935, top elevations vary between +12 to +13 feet MLW, top widths
vary between 2 and 3 feet, and conditions range from poor to
good. All the concrete bulkheads are mostly intact and continue
to provide protection to beachfront properties and street ends.
The timber bulkheads in Ventnor were constructed between 1950 and
1952, with approximately 500 feet being replaced following the
March 1962 storm.

In Margate, the entire shorefront (8450 feet) is
protected by timber bulkheads, which were built between 1957 and
1964. The newest sections of bulkhead at Granville and Rumson
Avenues were replaced in 1993. Top elevations vary between +10
and +13 feet MLW, and the majority are in fair to good condition.

In Longport, most of the ocean front is protected by
either timber bulkhead or curved-face concrete seawall. There is
also 55 feet of steel sheet pile bulkhead at the seaward end of
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28th Avenue which is in poor condition with significant
corrosion. The timber bulkheads vary in top elevation from +10
to +14 feet MLW and the majority are in fair to good condition.
The most recent section replaced was at 30th Avenue and the
property just north of 30th, in 1984. The sections at Pelhanm,
Manor, and 31st Avenues are scheduled to be replaced in the near
future by the State and municipality.

Bulkheads serve the purpose of stabilizing the upland
behind them, as well as protecting the upland against wave
action. Bulkheads can be characterized as an erosion control
measure not designed to stand up to direct wave attack in ocean
exposed locations. They do not provide a long-term solution,
because a more substantial wall is required as the beach
continues to recede, and larger waves reach the structure. In
addition, vertical bulkheads can suffer from severe scouring when
toe protection is not provided.

3.1.1.2 Seawalls

This alternative includes the construction of a
"Longport type" curved face seawall placed along the entire
project length, replacing all existing discontinuous and
dilapidated bulkheads. This structure includes stone toe
protection, is pile supported, and provided with underlying
sheeting to reduce underseepage. This alternative would not
provide any recreational beach restoration, but would provide
storm damage protection consistent with other structural
alternatives. The major problem with this alternative is its
expense.

Seawalls may retain a low fill, but their primary
purpose is to withstand, and to deflect or dissipate, wave energy
on an ocean shoreline. Cost of construction would be
prohibitively high with values of thousands of dollars per linear
foot, depending on the size and construction material used.
Because seawalls protect only the land immediately behind them,
maintenance of a beach would be difficult. Also, scouring in
front of the seawall and increased erosion can be expected during
storms due to the reflection of waves. Widening and maintenance
of the beach in front of the structure would be necessary to
reduce scour, and to continue recreational use of the shoreline.

Currently, approximately 3300 feet of concrete seawall
exists in the Longport section of the study area. The seawall is
a combination curved face and stepped structure, which was
originally built in 1917 and rehabilitated in 1981, at which time
the curved face was repaired and the top elevation was raised to
+11.6 feet MLW. The seawall is in fair to good condition, with
some minor cracking and spalling. The structure has remained
stable since 1963, and has been effective in providing protection
to the properties behind it.
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3.1.1.3 Revetments

There are three stone revetments providing erosion
protection for bulkheads and seawalls on Absecon Island. There
is a new stone revetment along the length of the new timber
bulkhead at Maine Avenue on the Absecon Inlet frontage. There is
also a stone revetment providing erosion protection along the
length of the combination curved face and stepped reinforced
concrete seawall in the city of Longport. Top elevation of the
revetment varies between +6 to +6.3 feet MLW, and has concrete
void filler in the upper 18 inches of stone. It is in fair to
good condition.

There is a new stone revetment in the city of Longport
at 11th Avenue, extending to the inner end of the stone groin
constructed at Atlantic Avenue. The crest of the revetment was
constructed with a top width of 14 feet, a top elevation of +8.0
feet MLW, using 8 to 9 ton weight rough quarrystone. The
revetment fronts an existing timber bulkhead with a top elevation
varying between +10.0 and +12.0 feet MLW, and replaces a previous
concrete block and stone revetment. The revetment was
constructed by the State of New Jersey in 1993.

Revetments are also similar in nature and construction
to seawalls, however, they are typically sloped structures along
a beach, dune, or bluff. Revetments, like seawalls, are designed
to stand up to and dissipate wave energy. Revetments depend on
the underlying soil for support; therefore, there is a
vulnerability to damage and failure due to undermining.

3.1.1.4 Offshore Breakwater

Breakwaters have the effect of reducing wave action and
acting as a littoral barrier that tends to build the shoreline
leeward of them. Offshore breakwaters can range from floating
tire or inflated structures placed in shallow water, to massive
stone structures founded in relatively deep water. Particular
care must be taken in the design and location of the structure,
as erosion of the downdrift beach can occur if the structure is
placed too near the shore, thus cutting off some of the littoral
drift. Gaps or breaks in the structure must also be permitted to
prevent the development of undesirable hydraulic currents between
the ends of the structures, and to maintain water quality inshore
of the structure. To be of material benefit, such a structure
would have to be as long as the shoreline that is protected.

Some advantages of breakwaters are that they provide protection
without impairing the usefulness of the beach, and they have a
relatively low maintenance cost and long project life. Some
disadvantages are high construction costs, a potential navigation
hazard, and a potential for starvation and erosion of downdrift
beaches. Moreover, the reduction of wave action may have a
negative impact on the attractiveness of the recreational beach.
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3.1.1.5 Groins

There are currently eight (8) groins, approximately 500
feet apart, in Atlantic City along the Absecon Inlet frontage.
Two timber groins were constructed by the city and State in 1930-
32, and repaired and protected with stone ends in 1958. Five
stone groins, and one timber and stone groin, were also
constructed along the inlet by the city and State between 1946
and 1958. Also along the inlet in Atlantic City is the Oriental
Avenue jetty. It was built by the Federal Government in 1946-48,
extended in 1961-62 to its present length, and rehabilitated by
the State in 1983. All eight inlet groins and the jetty are in
good condition.

Along the ocean coast of Absecon Island, there are a
total of twenty-nine (29) beach groins. Nine are stone groins
that are in good to fair condition, with little or negligible
displacement or loss of stone along their visible length.
Several of the stone groins in Atlantic City were rehabilitated
by the city and the State in 1983. Eleven beach groins are
constructed of timber that are in fair to poor condition, many
with rotting timbers which render them permeable. There are nine
groins constructed of stone and timber cribbing that are in poor
condition, with all but a few cases existing in a state of
debris, nearly invisible. These do not appear to serve their
original function, and similar structures have not been
constructed since the late 1920's.

Groins are long, narrow structures, constructed
perpendicular to the shoreline for the purpose of building or
stabilizing the beach by trapping littoral material, or retaining
artificially placed beachfill. In order for a system of groins
to be effective, there must exist an adequate longshore movement
of sand, and groins must be designed consistent with beach
profiles. Otherwise downdrift groin compartments may not f£ill
properly, and periodic artificial filling of groin compartments
may be required. Groins, if not filled initially, tend to
accumulate material on the updrift side, with a corresponding
erosion of material on the downdrift side. The resulting
irregularly shaped shoreline, together with the presence of the
groin structures themselves, make groin-protected shorelines
aesthetically displeasing to some individuals.

3.1.1.6 Beach Nourishment

Beach nourishment is moderate in cost in comparison to
other structural alternatives, and directly solves the main
erosion problem in the area, a deficiency of sand on the beach.
An increase in beach area has an added benefit as a recreational
feature, as well as aesthetically improving the appearance of the
shoreline. 1In addition, a beach maintained in adequate
dimensions has value as a protective measure because beaches are
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very effective in dissipating wave energy. An important feature
of a successful and moderately priced beach nourishment project
is to find a suitable borrow area, both in terms of the amount
and grain size of the material to be used. A large enough dune
height and berm width could provide a solution to all of the
erosion and storm protection problems of the study area, but the
cost to maintain an adequate berm width could be high.

3.1.1.7 Pexrched Beach

This alternative provides protection similar to beach
restoration with an offshore breakwater. The difference is the
addition of a submerged stone rubble mound structure, which is
used to support the offshore end of the placed beachfill, thus
eliminating the outer part of beach profile near its closure with
the ocean bottom. Therefore, the actual amount of fill material
to be placed is less than in a typical beachfill. The submerged
rubble mound structure acts in the same way as the natural bar
formed offshore during storm events, creating a "perched beach"
with a wider berm. The main problem with this alternaitive is
that the angled swell scours in front of, and behind the offshore
structure, resulting in the need for heavy maintenance. In
addition, any interception of littoral drift will cause erosion
downcoast, even if only temporarily. Due to the expense caused
by high maintenance with reclamation, this alternative was not
considered further as part of the selected plan.

3.1.1.8 Submerged Reef With Beachfill

Another sand retention alternative, this alternative
involves the use of interlocking concrete units which form an
offshore reef. This reef is intended to:dissipate incident wave
energy during storms, and to prevent outgoing currents from
carrying sand to deeper water. Experience to date with this
alternative along the New Jersey shore does not indicate that it
is cost effective.

3.1.1.9 Offshore Submerged Feeder Berm

Potentially high costs associated with onshore sand
placement of sand have led to the development of alternate less
expensive methods of beach nourishment. One such method is
nearshore berm placement. In some areas, nhearshore berms can
reduce wave damage and provide sand to the littoral system with a
cost as little as half that of onshore placement (Allison and
Pollock, 1993 and McLellan et. al, 1990).

Because nearshore sand placement has not been
successful in the past, and current design techniques are
limited, nearshore placement is a higher risk option than direct
onshore placement at Absecon Island. Also, because nourishment
areas are located adjacent to potential borrow sources, the
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difference in cost between direct onshore and nearshore placement
may not be significant.

3.1.2 - al m Damage Reductio te

3.1.2.1 Flood Insurance

Flood Insurance provides compensation for damages
through annual premiums which are based on the risk involved.
The National Flood Insurance Program encourages local governments
to adopt sound flood plain management programs designed to reduce
future flood losses.

In order to provide a national standard without
regional discrimination, the 100-year flood has been adopted by
the Federal Emergency Management Agency (FEMA) as the base flood
for purposes of flood plain management.

The Corps has established the 3-foot breaking wave as
the criterion for identifying coastal high hazard zones. (See
U.S. Army Corps of Engineers, Galveston District, Guidelines for
Identifying Coastal High Hazard Zones, Galveston, Texas, June
1975.) These high energy wave zones, known as V zones, require
much more stringent flood plain management measures, such as
elevating structures on piles or piers.

The most recent studies completed by FEMA for the
Cities of Atlantic City (15 February 1983), Margate City (18
April 1983), Ventnor (15 March 1983) and the Borough of Longport
(15 February 1983) divided the coastal portions of the towns of
Absecon Island into three zones:

Zones V - Special Flood Hazard Areas along coasts inundated
by the 100-year flood as determined by detailed methods, and
that have additional hazards due to velocity (wave action);
base flood elevations shown and flood hazard factors
determined;

Zones A - Special Flood Hazard Areas inundated by the 100-
year flood; base flood elevations and flood hazards factors
determined; and

Zone B - Areas between limits of the 100-year flood and 500-
year flood: or certain areas subject to 100-year flooding
with average depths less than (1) one foot, or where the
contributing drainage area is less than one square mile.

It should be noted that during the updated and detailed
feasibility study, wave and inundation extent due to a 100 year
storm event can vary considerably, when compared to the V zones
delineated in the Federal Insurance Rate Maps (FIRMs).
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Atlantic City is made up of three zones, V, A and B.
The V zone generally extends along the coast and reaches
landward, where it meets the coastal bulkheads and seawalls
associated with the boardwalk from Jackson Avenue through Maine
Avenue. The V zone continues parallel to Maine Avenue extending
into the bay side of Atlantic City. Beyond the V zone the area
becomes an A zone with the exception of a few B zone pockets,
which occur between Jackson and Providence Avenues (approximately
400-800 feet wide), and also between Mission and Kentucky, and
Tennessee and Virginia Avenues, 800 to 1000 feet landward of the
boardwalk.

Longport's corporate limits have been designated as
containing both V and A zones. The V zone generally ends at the
beginning of the seawall. At the southeastern portion of
Longport the V zone is within 40 to 80 feet of Beach Terrace.
Gradually it recedes, and at 22nd and Atlantic Avenues it is
approximately 240 feet seaward. At 32nd thru 36th Avenues the V
zone fluctuates, but on average is 160 feet seaward of Atlantic
Avenue. The flood zone beyond the V zone is designated A zone,
which encompasses the rest of the borough.

In Margate, the V zone extends landward to the coastal
bulkhead and slightly beyond in some areas. Generally the V zone
is 400 feet east of Atlantic Avenue between Huntington and
Cedargrove Avenues, the central coastline of Margate. The V zone
edges closer to Atlantic Avenue north and south of this central
area. There is an abrupt drop to a B zone near the northern
corporate limits at Brunswick Avenue. The remainder of Margate
is designated Zone A.

Ventnor also contains V, A and B zones. The V zone
extends just beyond the boardwalk at points north from New Haven
Avenue to the Ventnor City corporate limits. The bulkhead area
where the V zone ends is 400 to 480 feet seaward of Atlantic
Avenue. South of New Haven Avenue the V 2o0ne extends beyond the
boardwalk approximately 40 to 160 feet, and continues to the
southern limits of Ventnor. Beyond the V zone, the A zone
begins. The A zone is quite narrow (40 to 80 feet) south of
Derby Place. North of Derby Place, the A zone widens from
approximately 40 to 120 feet. The A zone drops to a B zone,
which extends north to south for the entire corporate limits,
with a width of 800 feet. Beyond the B zone, the area reverts
back to an A zone designation.

3.1.2.2 Development Requlations

This includes such non-structural measures as zoning,
building codes, and bulkhead ordinances. Property owners who
wish to develop or rehabilitate structures in the cities of
Atlantic City, Margate, Ventnor or the Borough of Longport must
first receive the proper permits from the New Jersey Department
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of Environmental Protection (NJDEP). NJDEP helps the applicant
arrange meetings with appropriate State officials as well as
answer any questions on permit requirements. -

The Basic Building Code of the Building Officials and
Code Administrators International, Inc. (BOCA) has been adopted
as a Uniform Construction Code (N.J.S.A. 52:27D-1 et seq.) and is
required for use by all municipalities in New Jersey. Flood
proofing requirements were made part of the code in 1984. The
flood proofing section of the code (Section 1313) applies to all
new structures located in flood prone areas, and to those
structures where damage or cost of reconstruction or restoration
is in excess of 50% of its replacement value. Flood prone areas
are defined using the 100 year base flood as the minimum
criterion. The code requires that all buildings and structures
located within a flood prone area have the lowest structural
member, except pilings and columns, at or above the base flood
level. The flood proofing requirements of the code in coastal
high hazard areas ("V" Zone) pertain to anchoring of buildings
and structures to piles and columns, fastening of building
components, and placement of obstructions below the lowest floor.
Pile foundations are either constructied of wood, concrete or
steel columns driven into the soil. The BOCA code requires
pilings to be used in the foundation of buildings for certain
soil types, not proximity to the ocean as might be supposed.

Rules on Coastal Zone Management, N.J.A.C. 7:7E as
amended July 18, 1994, also regard areas within 24 feet of
oceanfront shore protection structures, which are subject to wave
run-up and overtopping as part of High Hazard Areas. The Coastal
High Hazard Area extends from offshore to the inland limit of a
primary frontal dune along an open coast. V zones on many
Federal Insurance Rate Maps (FIRMs) have landward limits in high
hazard areas delineated by oceanfront bulkheads, revetments or
seawalls, which are typical of the conditions for this study
area.

Residential development, including hotels and motels is
prohibited in coastal high hazard areas, except for single family
and duplex infill developments, which are conditionally
acceptable provided that the standards of New Jersey's coastal
zone acts are met.

Generally, commercial development is discouraged in
coastal high hazard areas. Some commercial development on the
beach is conditionally acceptable within V zone areas provided
the area already is densely developed, the site is landward of
the boardwalk, the building size meets specific requirements, the
facility is open to the general public and supports beach
/tourism related activities, and the facility complies with all
the flood proofing requirements stated in Rule on Coastal Zone
Management N.J.A.C. 7:7E.
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Development regulations are an effective means of
controlling unwise development in coastal areas. Unfortunately,
development regulations cannot prevent storm damages to existing
structures within the project area.

3.1.2.3 Evacuation From Areas Subject to Erosion_and
Storm Damage

Permanent evacuation of existing developed areas
subject to inundation involves the acquisition of lands and
structures, either by purchase or through the exercise of powers
of eminent domain, if necessary. Following this action, all
commercial, industrial, and residential property in areas subject
to erosion are either demolished or relocated to another site.
High rise condominiums, hotels and casinos with their ancillary
parking lots and support industries would require relocation,
thus destroying a cultural landmark of the New Jersey shore.
Additionally, roads, railroads, water supply facilities, electric
power, and telephone and sewerage utilities would also have to be
relocated. Lands acquired in this manner could be used for
undeveloped parks, or other purposes that would not result in
material damage from erosion. The level of development at the
problem area under study would make this measure prohibitively
expensive.

3.2 NO ACTION ALTERNATIVE

The no action alternative would allow beach erosion to
continue, resulting in an increased risk of property destruction
during storms. The base condition of this alternative entails
continuation of the existing serious beach erosion problem and
storm damage threat, with reliance on emergency evacuation
measures, floodplain regulations as required under Federal, State
and local authorities and flood insurance under Federal programs.
Continued erosion would reduce recreational opportunities. This
would have the secondary economic effect of reducing tourism,
which would in turn lower employment levels and the flow of
revenue into the area. In the absence of Federal participation,
limited State or local efforts to contain erosion and storm
damage might be undertaken. However, small scale efforts would
not be effective in meeting with the project's needs and goals.
Therefore, this alternative was eliminated from further
consideration.

3.3 COl v NALYSIS OF THE A v

The beach nourishment alternative best meets the needs and
objectives for the ocean front portion of the project, and was
chosen as the basis for further environmental, engineering,
design and cost estimate evaluations. The construction of two
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timber sheet-pile bulkheads best meets the needs and objectives
for the Absecon Inlet frontage. The screening criteria used to
evaluate some of the various alternatives and the results of that
screening are shown on Tables 5 through 8. A detailed discussion
of alternative screening can be found in the Plan Formulation
section of the main report.

3.4 E D_ALTE TIVE: BEACH N SHMEN

Because the previously discussed alternatives would not
fully accomplish the study objectives, the beach nourishment
alternative is the preferred plan for the ocean front. The beach
nourishment plan recommends that a selected berm width along with
a selected dune height be maintained along the Absecon Island
ocean frontage. Periodic re-nourishment will be necessary to
maintain desired berm widths and dune heights. The preferred
alternative also includes the construction of two timber sheet~
pile bulkheads along the Absecon Inlet frontage.

3.8 THE SELECTED N LAN

Several intermediate alternatives utilizing various beach
nourishment schemes were screened during Cycle 3 of the
Feasibility Study. The plan selected from this screening is the
NED (National Economic Development) Plan. The NED plan is the
alternative with the highest net benefits for storm damage
reduction over costs. The selected (NED) plan, berm and dune
restoration through beach nourishment, consists of a 200 foot
wide berm with a to